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54)  New  cephalosporin  compounds  and  the  production  thereof. 

(§5  A  class  of  new  cephalosporin  compounds  (syn-isomer) 
is  now  provided,  which  is  useful  as  antibacterial  agent  and  is 
represented  by  the  general  formula  (I) 

CH=CH-A  (I) 

wherein  R1  is  an  amino  group  or  a  protected  amino  group;  R2 
is  a  lower  alkyl  group,  a  carboxymethyl  group  or  a  protected 
carboxymethyl  group;  R3  is  a  hydrogen  atom,  a  salt-forming 
cation  or  a  carboxyl-protecting  group;  A  is  an  unsubstituted 
or  substituted  phenyl  group,  an  unsubstituted  or  substituted 
furyl  group,  an  unsubstituted  orsubstituted  thiazolyl  group  or 
an  unsubstituted  orsubstituted  3-lower-alkylthiazolio  group, 
and  a  pharmaceutical^  acceptable  salt  or  ester  thereof. 
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SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  new  c e p h a l o s p o r i n  

c o m p o u n d   and  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   or  e s t e r  

t h e r e o f   w h i c h   a r e   u s e f u l   as  a n t i b a c t e r i a l   a g e n t .   M o r e  

p a r t i c u l a r l y ,   t h i s   i n v e n t i o n   r e l a t e s   to  a  new  c e p h a l o -  

s p o r i n   c o m p o u n d   (as   s y n - i s o m e r )   w h i c h   b e a r s   an  @ - ( s u b -  

s t i t u t e d   i m i n o ) - @ - ( 2 - a m i n o t h i a z o l y l ) - a c e t y l   g r o u p   as  a  

s i d e   c h a i n   a t   t he   7 - p o s i t i o n   and  a  S - s u b s t i t u t e d   v i n y l  

g r o u p   as  a  s i d e   c h a i n   a t   t h e   3 - p o s i t i o n   of  t h e   c e p h e m  

n u c l e u s .   T h i s   i n v e n t i o n   a l s o   r e l a t e s   to  a  p h a r m a c e u t i c a l  

c o m p o s i t i o n   c o m p r i s i n g   t h e r n e w   c e p a h l o s p o r i n   c o m p o u n d   a s  

a c t i v e   i n g r e d i e n t .   T h i s   i n v e n t i o n   f u r t h e r   r e l a t e s   to  a  

p r o c e s s   f o r   t h e   p r o d u c t i o n   of  t he   new  c e p h a l o s p o r i n  

c o m p o u n d .  

BACKGROUND  OF  THE  INVENTION 

Some  β - l a c t a m   c o m p o u n d s   w h i c h   a r e   c l o s e l y   r e l a t e d  

to  t he   new  c e p h a l o s p o r i n   c o m p o u n d s   of  t h i s   i n v e n t i o n  

a re   known  as  d i s c l o s e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

f i r s t   p u b l i c a t i o n   " K o k a i "   No.  1 2 4 7 9 0 / 8 0 ,   No.  1 2 2 3 8 3 / 8 1  

and  No.  7 6 0 8 8 / 8 4 ,   and  U.K.  p a t e n t   a p p l i c a t i o n   f i r s t  

p u b l i c a t i o n   No.  2 1 2 8 9 9 0   A.  T h e s e   known  c e p h a l o s p o r i n  

c o m p o u n d s   w h i c h   a r e   d i s c l o s e d   in   s a i d   J a p a n e s e   p a t e n t  

a p p l i c a t i o n   f i r s t   p u b l i c a t i o n s   have   a  β - s u b s t i t u t e d   v i n y l  

g r o u p   as  t he   s i d e   c h a i n   a t   t h e   3 - p o s i t i o n   of  t he   c e p h e m  

n u c l e u s ,   s i m i l a r l y   to  t h e   c e p h a l o s p o r i n   c o m p o u n d s   a c c o r d i n g  



to  t h i s   i n v e n t i o n .   H o w e v e r ,   t h e   new  c e p h a l o s p o r i n   c o m -  

p o u n d s   of  t h i s   i n v e n t i o n   a r e   d i f f e r e n t   f rom  t h e   a b o v e -  

m e n t i o n e d   known  c e p h a l o s p o r i n   c o m p o u n d s   in  r e s p e c t   of  t h e  

k i n d   of  t h e   s u b s t i t u e n t   b o r n   on  t h e   β - p o s i t i o n   of  t h e  β -  

s u b s t i t u t e d   v i n y l   g r o u p   a t   t h e   3 - p o s i t i o n   of  t h e   c e p h e m  

n u c l e u s .  

C e p h a l o s p r i n - t y p e   a n t i b i o t i c s   a r e   known  to  b e  

h i g h l y   and  b r o a d l y   a c t i v e   a g a i n s t   a  v a r i e t y   of  g r a m -  

p o s i t i v e   and  g r a m - n e g a t i v e   b a c t e r i a .   V a r i o u s   k i n d s   o f  

s e m i - s y n t h e s i z e d   c e p h a l o s p o r i n   c o m p o u n d s   h a v e   a l r e a d y   b e e n  

a v a i l a b l e   c o m m e r c i a l l y   and  a p p l i e d   c l i n i c a l l y   f o r   t h e  

t h e r a p e u t i c   t r e a t m e n t   of  v a r i o u s   i n f e c t i o n s   d i s e a s e s .  

Bu t ,   o n l y   a  v e r y   few  o n e s   a m o n g s t   t h e s e   s e m i - s y n t h e s i z e d  

c e p h a l o s p o r i n   c o m p o u n d s   a r e   p r a c t i c a l l y   e f f e c t i v e   a g a i n s t  

t he   s t r a i n s   of  b a c t e r i a   of  t h e  g e n u s   P s e u d o m o n a s   a n d  

P r o t e u s .   T h e s e   known  c e p h a l o s p o r i n   c o m p o u n d s   a r e   a l s o  

d e g r a d a b l e   by  a  β - l a c t a m a s e   w h i c h   i s   p r o d u c e d   by  s o m e  

r e s i s t a n t   s t r a i n s   of  b a c t e r i a ,   and  t h e y   e x h i b i t   o n l y  

a  p o o r   a c t i v i t y   a g a i n s t   some  r e s i s t a n t   s t r a i n s   of  b a c t e r i a  

w h i c h   have   now  b e e n   a  t a r g e t   of  c l i n i c a l   t r e a t m e n t s   o f  

b a c t e r i a l   i n f e c t i o n s   ( s e e :   W.E.  Wick  " C e p h a l o s p o r i n s   a n d  

P e n i c i l l i n s ,   C h e m i s t r y   and  B i o l o g y " ,   e d i t e d   by  E . H . F l y n n ,  

A c a d e m i c   P r e s s ,   New  Y o r k ,   N . Y . ,   1 9 7 2 ,   C h a p t e r   1 1 . )  

We,  t he   p r e s e n t   i n v e n t o r s ,   h ave   now  s u c c e e d e d   i n  

p r e p a r i n g   as  t h e   new  c o m p o u n d ,   c e p h a l o s p o r i n   c o m p o u n d s  



r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a   ( I )   as  shown  b e l o w ,   a n d  

we  have   f o u n d   t h a t   s a i d   new  c e p h a l o s p o r i n   c o m p o u n d s   e x h i b i t  

a  v e r y   wide   r a n g e   of  a n t i b a c t e r i a l   s e p c t r u m   t h a t   t h e s e   new  

c o m p o u n d s   a r e   h i g h l y   a c t i v e   n o t   o n l y   a g a i n s t   a  v a r i e t y   o f  

g r a m - p o s i t i v e   and  g r a m - n e g a t i v e   b a c t e r i a   b u t   a l s o   a g a i n s t  

some  of  r e s i s t a n t   s t r a i n s   of  b a c t e r i a .   We  have   t h u s  

a c c o m p l i s h e d   t h i s   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

A c c o r d i n g   to  a  f i r s t   a s p e c t   of  t h i s   i n v e n t i o n ,  

t h e r e   i s   p r o v i d e d   a  new  c e p h a l o s p o r i n   c o m p o u n d   of  t h e  

g e n e r a l   f o r m u l a   ( I )  

w h e r e i n   R1  i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ;  

R2  is   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ;   R   i s   a  h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ;  

A  i s   an  u n s u b s t i t u t e d   or  s u b s t i t u t e d   p h e n y l   g r o u p ,   a n  

u n s u b s t i t u t e d   or  s u b s t i t u t e d   f u r y l   g r o u p ,   an  u n s u b s t i t u t e d  

or  s u b s t i t u t e d   t h i a z o l y l   g r o u p   or  an  u n s u b s t i t u t e d   o r  

s u b s t i t u t e d   3 - l o w e r - a l k y l t h i a z o l i o   g r o u p ,   and  a  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   s a l t   or  e s t e r   of  s a i d   c e p h a l o s p o r i n  



c o m p o u n d .  

The  c e p h a l o s p o r i n   c o m p o u n d   of  t h e   f o r m u l a   ( I )  

a c c o r d i n g   to  t h i s   i n v e n t i o n   i n c l u d e s   two  i s o m e r s ,   n a m e l y  

( E ) - i s o m e r   ( i . e . ,   a  t r a n s - i s o m e r )   and  ( Z ) - i s o m e r   ( i . e . ,  

a  c i s - i s o m e r ) ,   d e p e n d i n g   on  t h e   r e l a t i v e   p o s i t i o n s   of  t h e  

s u b s t i t u e n t s   and  t h e   h y d r o g e n   a t o m s   a t t a c h e d   to  t h e   v i n y l i c  

d o u b l e   bond   of  t h e   S - s u b s t i t u t e d   v i n y l   g r o u p   a t   t h e   3 -  

p o s i t i o n   of  t he   cephem  n u c l e u s .   The  c e p h a l o s p o r i n   c o m p o u n d  

of  t h i s   i n v e n t i o n ,   t h e r e f o r e ,   c o v e r s   t he   ( E ) - i s o m e r ,   t h e -  

(Z)  i s o m e r   and  t h e   m i x t u r e   t h e r e o f .   The  ( Z ) - i s o m e r   of  t h e  

c e p h a l o s p o r i n   c o m p o u n d   a c c o r d i n g   to  t h i s   i n v e n t i o n   i s   o f  

s u c h   a  fo rm  in  w h i c h   t h e   g r o u p   A  and  t h e   cephem  m o i e t y  

t a k e   " c i s " - p o s i t i o n   a r o u n d   t h e   v i n y l i c   d o u b l e   bond   of  t h e  

v i n y l   g r o u p   a t   t he   3 - p o s i t i o n   as  shown  in  t h e   g e n e r a l  

f o r m u l a   ( I ) .   The  ( E ) - i s o m e r   of  t h e   c e p h a l o s p o r i n   c o m p o u n d  

i s   of   s u c h   f o r m   in  w h i c h   t h e   g r o u p   A  and  t h e   c e p h e m   m o i e t y  

t a k e   " t r a n s " - p o s i t i o n   a r o u n d   t h e   v i n y l i c   d o u b l e   bond   o f  

t h e   v i n y l   g r o u p   a t   t h e   3 - p o s i t i o n   of  t h e   cephem  n u c l e u s .  

Some  of  t he   t e r m s   u s e d   in  t h i s   s p e c i f i c a t i o n   h a v e  

t h e   m e a n i n g s   as  d e f i n e d   b e l o w :  

The  t e r m   " l o w e r "   means   t h a t   an  a l k y l   or  a l k o x y l   o r  

a l k a n o y l   g r o u p   c o n c e r n e d   i s   c o n t a i n i n g   1  to  6  c a r b o n   a t o m s ,  

u n l e s s   o t h e r w i s e   s t a t e d .   The  a m i n o - p r o t e c t i n g   g r o u p ,   s u c h  

as  t h e   a m i n o - p r o t e c t i n g   g r o u p   p r e s e n t   in   t h e   p r o t e c t e d  

amino   g r o u p   w h i c h   R1  may  r e p r e s e n t ,   i n c l u d e s   a  c o n v e n t i o n a l  



a m i n o - p r o t e c t i n g   g r o u p   w h i c h   may  e a s i l y   be  r e m o v e d   by  a c i d  

h y d r o l y s i s ,   f o r   e x a m p l e ,   an  a l k o x y c a r b o n y l   g r o u p   s u c h   a s  

t e r t . - b u t o x y c a r b o n y l   g r o u p ;   an  a c y l   g r o u p   s u c h   as  a  f o r m y l  

g r o u p   and  a  c h l o r o a c e t y l   g r o u p ;   and  a  t r i t y l   g r o u p .  

The  " p r o t e c t e d   c a r b o x y m e t h y l   g r o u p "   w h i c h   R 2  r e -  

p r e s e n t s   i s   s u c h   a  c a r b o x y m e t h y l   g r o u p   of  w h i c h   t he   c a r b o x y l  

g r o u p   has  b e e n   p r o t e c t e d   by  e s t e r i f i c a t i o n   w i t h   a  l o w e r  

a l k y l   g r o u p ,   e . g . ,   m e t h y l ,   e t h y l ,   p r o p y l ,   n - b u t y l   and  t -  

b u t y l   or  an  a r y l   g r o u p   s u c h   as  p h e n y l   or  an  a r a l k y l   g r o u p  

s u c h   as  b e n z y l .  

The  s a l t - f o r m i n g   c a t i o n   w h i c h   R3  r e p r e s e n t s   i s   a  

c o n v e n t i o n a l   m e t a l   c a t i o n   and  may  i n c l u d e   c a t i o n   of  a n  

a l k a l i   m e t a l ,   an  a l k a l i n e   e a r t h   m e t a l   and  a m m o n i u m .  

Sodium  c a t i o n   i s   p r e f e r r e d .   The  c a r b o x y l - p r o t e c t i n g   g r o u p  

w h i c h   R   r e p r e s e n t s   is   a  c a r b o x y l - p r o t e c t i n g   g r o u p   c o n -  

v e n t i o n a l l y   u s e d   f o r   c e p h a l o s p o r i n s   and  may  i n c l u d e   an  a r y l  

g r o u p ,   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r - a l k o x y m e t h y l   g r o u p ,   a  

l o w e r - a l k y l t h i o   m e t h y l   g r o u p   and  a  l o w e r - a l k a n o y l o x y m e t h y l  

g r o u p   and  t h e   l i k e .   The  g r o u p   R   may  a l s o   i n c l u d e   a  

m e t a b o l i c a l l y   u n s t a b l e   g r o u p   w h i c h   i s   e a s i l y   h y d r o l y z e d  

and  c l e a v e d   in  v i v o   and  w h i c h   may  i n c l u d e ,   f o r   e x a m p l e ,  

a  l o w e r - a l k o x y c a r b o n y l o x y a l k y l   g r o u p ,   a  l o w e r - a l k y l -  

c a r b o n y l o x y a l k y l   g r o u p ,   an  u n s u b s t i t u t e d   or  s u b s t i t u t e d  

( 2 - o x o - 1 , 3 - d i o x o l e n e - 4 - y l )   m e t h y l   g r o u p   and  t h e   l i k e .  

" U n s u b s t i t u t e d   or  s u b s t i t u t e d   p h e n y l   g r o u p "   w h i c h  



A  r e p r e s e n t s   i n c l u d e s   a  p h e n y l   g r o u p ;   a  p h e n y l   g r o u p  

h a v i n g   a  l o w e r   a l k y l   s u b s t i t u e n t ,   f o r   e x a m p l e ,   p - t o l y l ;  

a  h a l o g e n a t e d   p h e n y l   g r o u p   s u c h   as  o - f l u o r o p h e n y l ,   and  a  

l o w e r   a l k o x y p h e n y l   g r o u p   s u c h   as  p - a n i s y l _ .  

" U n s u b s t i t u t e d   or  s u b s t i t u t e d   f u r y l   g r o u p "   w h i c h  

A  r e p r e s e n t s   i n c l u d e s   a  2 - f u r y l   g r o u p ,   a  3 - f u r y l   g r o u p  

and  a  5 - n i t r o - 2 - f u r y l   g r o u p .  

" U n s u b s t i t u t e d   or  s u b s t i t u t e d   t h i a z o l y l   g r o u p "  

w h i c h   A  r e p r e s e n t s   i n c l u d e s   t h i a z o l - 2 - y l   g r o u p ,   t h i a z o l -  

4 - y l   g r o u p ,   t h i a z o l - 5 - y l   g r o u p ,   a  2 - l o w e r - a l k y l t h i a z o l -  

5 - y l   g r o u p   ( e . g . ,   2 - m e t h y l t h i a z o l - 5 - y l ) ,   4 - m e t h y l t h i a z o l -  

5 - y l   g r o u p ,   a  4 - h a l o - t h i a z o l - 5 - y l   g r o u p   and  a  2 , 4 - d i - h a l o -  

t h i a z o l - 5 - y l   g r o u p .  

" U n s u b s t i t u t e d   or  s u b s t i t u t e d   3 - l o w e r - a l k y l t h i a z o l i o  

g r o u p "   w h i c h   A  r e p r e s e n t s   i n c l u d e s   a  3 , 4 - d i m e t h y l - 5 - t h i a z o l i o  

g r o u p .  

A c c o r d i n g   to  a  p r e f e r r e d ,   f i r s t   e m b o d i m e n t   of  t h e  

f i r s t   a s p e c t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  c e p h a l o s p o r i n  

c o m p o u n d   of  t he   g e n e r a l   f o r m u l a   ( I a )  



w h e r e i n   R1  i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  i s   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a tom,   a  

s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   a n d  

Y  is   a  h y d r o g e n   a t o m ,   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k o x y l  

g r o u p   or  a  h a l o g e n   a t o m .  

A c c o r d i n g   to  a  p r e f e r r e d ,   s e c o n d   e m b o d i m e n t   of  t h e  

f i r s t   a s p e c t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  c e p h a l o s p o r i n  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I b )  

w h e r e i n   R 1  i s   an  amino  g r o u p   or  a  p r o t e c t e d   a m i n o  g r o u p ,  

R2  i s   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  is   a  h y d r o g e n   a tom,   a  

s a l t - f o r m i n g   c a t i o n  f o r   a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   Z  i s  

a  h y d r o g e n   a t o m ,   n i t r o   g r o u p   or  a  h a l o g e n   a t o m .  

A c c o r d i n g   to  a  p r e f e r r e d ,   t h i r d   e m b o d i m e n t   of  t h e  

f i r s t   a s p e c t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  c e p a h l o s p o r i n  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I c )  



w h e r e i n   R1  i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino   g r o u p ,  

R2  i s   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   and  R3  i s  a   h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p .  

A c c o r d i n g   to  a  p r e f e r r e d ,   f o u r t h   e m b o d i m e n t   of  t h e  

f i r s t   a s p e c t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  c e p h a l o s p o r i n  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I d )  

w h e r e i n   R1  i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino   g r o u p ,  

R2  i s   a  l o w e r   ( C l  -  C 6 )   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p  

or  a  p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  is   a  h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   a n d  

R  i s   a  l o w e r   a l k y l   g r o u p .  

A c c o r d i n g   to  a  p r e f e r r e d ,   f i f t h   e m b o d i m e n t   of  t h e  

f i r s t   a s p e c t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  c e p h a l o s p o r i n  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I e )  



w h e r e i n   R   i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino   g r o u p ,  

R2  is   a  l o w e r   ( C 1 - C 6 )   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p  

or  a  p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   a n d  

Y'  i s   a  h y d r o g e n   atom  or  a  h a l o g e n   a t o m ,   and  n  i s   a  w h o l e  

number   of  1  or  2 .  

A c c o r d i n g   to  a  p r e f e r r e d ,   s i x t h   e m b o d i m e n t   of  t h e  

f i r s t   a s p e c t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  c e p h a l o s p o r i n  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I f )  

w h e r e i n   R   i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  i s   a  l o w e r   ( C 1 - C 6 )   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p  

or  a  p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   and  R3  i s   a  h y d r o g e n  

a t o m ,   a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p .  

P r e f e r r e d   e x a m p l e s   of  t h e   new  c e p h a l o s p o r i n   c o m p o u n d  

of  t h e   f o r m u l a   ( I )   or  of  t h e   f o r m u l a   ( I a )  t o   ( I f )   a c c o r d i n g  

to  t h i s   i n v e n t i o n   a r e   l i s t e d   b e l o w :  

(A)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l ) -  

a c e t a m i d o J - 3 - ( 2 - p h e n y l v i n y l ) - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s -  

i s o m e r ) .  



(B)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - ( 2 - p h e n y l v i n y l ) - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n -  

i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r ) .  

(C)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( o - f l u o r o p h e n y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s -  

i s o m e r ) .  

(D)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 - o - f l u o r o p h e n y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n -  

i s o m e r ,   c i s - i s o m e r ) .  

(E)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n -  

i s o m e r ,   c i s - i s o m e r ) .  

(F)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r ) .  

(G)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 5 - n i t r o - 2 - f u r y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n -  

i s o m e r ,   c i s - i s o m e r ) .  

(H)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 5 - n i t r o - 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s -  

i s o m e r ) .  



( I )   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 2 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r ) .  

(J)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 4 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r ) .  

(K)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o l - 3 - [ 2 - ( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n -  

i s o m e r ,   c i s - i s o m e r ) .  

(L)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  c y n - i s o m e r ,   c i s - i s o m e r ) .  

(M)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 -  

c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,  

or  c y n - i s o m e r ,   c i s - i s o m e r ) .  

(N)  7 - [ 2 - t - b u t o x y c a r b o n y l m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s -  

i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r ) .  

(O)  7 - [ 2 - c a r b o x y m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 -  

c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,  

or  s y n - i s o m e r ,   c i s - i s o m e r ) .  



(P)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( c y n - i s o m e r ,   t r a n s - i s o m e r ,   or  c y n - i s o m e r ,   c i s -  

i s o m e r ) .  

(Q)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s -  

i s o m e r ) .  

(R)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 -  

c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,  

or  s y n - i s o m e r ,   c i s - i s o m e r ) .  

(S)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  c y n - i s o m e r ,   c i s -  

i s o m e r ) .  

(T)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o - t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 , 4 - d i c h l o r o t h i a z o l - 5 - y l ) v i n y l ] -  

3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,  

or  s y n - i s o m e r ,   c i s - i s o m e r ) .  

(U)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 3 , 4 - d i m e t h y l - 5 - t h i a z o l i o ) v i n y l ] -  

3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s -  

i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r )   i o d i d e   or  t r i -  

f l u o r o a c e t a t e .  



(V)  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 3 , 4 - d i m e t h y l - 5 - t h i a z o l i o ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n -  

i s o m e r ,   c i s - i s o m e r )   i o d i d e   or  t r i f l u o r o a c e t a t e .  

Each  of  t h e   p a r t i c u l a r   c e p h a l o s p o r i n   c o m p o u n d s   a s  

l i s t e d   a b o v e   may  a l s o   be  in   t h e   fo rm  of  i t s   c a r b o x y l a t e  

( a t   t he   c a r b o x y l   g r o u p   at   t h e   2 - p o s i t i o n   of  t h e   c e p h e m  

n u c l e u s ) ,   f o r   e x a m p l e ,   i t s   s o d i u m   s a l t ,   i t s   m e t h y l   e s t e r ,  

i t s   e t h y l   e s t e r ,   i t s   d i p h e n y l m e t h y l   e s t e r ,   i t s   p - m e t h o x y -  

b e n z y l   e s t e r ,   i t s   p i v a l o y l o x y m e t h y l   e s t e r   and  i t s   ( 5 - m e t h y l -  

2 - o x o - 1 , 3 - d i o x o l e n e - 4 - y l ) m e t h y l   e s t e r .  

The  new  compound   of  t h e   f o r m u l a   (I)   a c c o r d i n g   to  t h i s  

i n v e n t i o n   may  be  p repa red   by  any one  of  the  f o l l o w i n g   two  me thods .  

Me thod   1 :  

In  t h i s   Method   1,  a  7 - a m i n o c e p h a l o s p o r a n i c   a c i d  

c o m p o u n d   of  t h e   f o r m u l a   ( I I )  

w h e r e i n   R3  and  A  a r e   as  d e f i n e d   a b o v e ,   or  a  r e a c t i v e  

d e r i v a t i v e  ( s u c h   a  d e r i v a t i v e   made  r e a c t i v e   a t   t he   7 - a m i n o  

g r o u p   as  shown  in  t he   f o r m u l a )   of  t he   c o m p o u n d   of  t h e  

f o r m u l a   ( I I )   or  a  s a l t   t h e r e o f   i s   r e a c t e d   w i t h   a  2 - ( 2 -  

a m i n o t h i a z o l - 4 - y l ) - 2 - a l k o x y i m i n o a c e t i c   a c i d   compound   o f  



t h e   f o r m u l a   ( I I I )  

w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e ,   or  a  r e a c t i v e  

a c i d   d e r i v a t i v e   ( s u c h   a  d e r i v a t i v e   made  r e a c t i v e   at   t h e  

c a r b o x y l   g r o u p   as  shown  in  t h e   f o r m u l a )   of  t h e   c o m p o u n d  

of  t h e   f o r m u l a   ( I I I )   or  a  s a l t   t h e r e o f .  

E x a m p l e s   of  t h e   r e a c t i v e   d e r i v a t i v e   a t   t h e   a m i n o  

g r o u p   of  t h e   c o m p o u n d   ( I I )   i n c l u d e   s u c h   an  i m i n o   d e r i v a t i v e  

of  S h i f f - b a s e   t y p e   w h i c h   may  be  o b t a i n e d   by  r e a c t i o n   of  t h e  

c o m p o u n d   ( I I )   w i t h   a  c a r b o n y l   c o m p o u n d   s u c h   as  an  a l d e h y d e  

or  k e t o n e ,   or  an  e n a m i n e - t y p e   i s o m e r   ( t a u t o m e r )   of  s a i d  

i m i n o   d e r i v a t i v e ;   s u c h   a  s i l y l   d e r i v a t i v e   w h i c h   may  b e  

o b t a i n e d   by  r e a c t i o n   of  t h e   c o m p o u n d   ( I I )   w i t h   a  s i l y l  

c o m p o u n d   s u c h   as  b i s - ( t r i m e t h y l s i l y l ) a c e t a m i d e ;   or  s u c h  a  

d e r i v a t i v e   w h i c h   may  be  o b t a i n e d   by  r e a c t i o n   of  t he   c o m -  

pound   ( I I )   w i t h   p h o s p h o r u s   t r i c h l o r i d e   or  p h o s g e n e .  

A p p r o p r i a t e   e x a m p l e s   of  t h e   s a l t s   of  t he   c o m p o u n d  

( I I )   or  ( I I I )   i n c l u d e   an  a c i d - a d d i t i o n   s a l t   t h e r e o f ,   f o r  

e x a m p l e ,   a  s a l t   of   t h e   c o m p o u n d   ( I I )   or  ( I I I )   w i t h   a n  

o r g a n i c   a c i d   s u c h   as  a c e t i c   a c i d ,   m a l e i c   a c i d ,   t a r t a r i c  

a c i d ,   b e n z e n e s u l f o n i c   a c i d ,   t o l u e n e s u l f o n i c   a c i d ;   a  s a l t  



of  t he   c o m p o u n d   ( I I )   or  ( I I I )   w i t h   an  i n o r g a n i c   a c i d   s u c h  

as  h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,   s u l f u r i c   a c i d ,  

p h o s p h o r i c   a c i d ;   a  m e t a l   s a l t   ( c a r b o x y l a t e )   of  t h e   c o m -  

p o u n d   ( I I )   or  ( I I I )   w i t h   an  a l k a l i   m e t a l   s u c h   as  s o d i u m  

and  p o t a s s i u m   or  w i t h   an  a l k a l i n e   e a r t h   m e t a l   s u c h   a s  

c a l c i u m   and  m a g n e s i u m ;  a m m o n i u m   s a l t   ( c a r b o x y l a t e )   of  t h e  

c o m p o u n d   ( I I )   or  ( I I I ) ;   an  amine   s a l t   of  t h e   c o m p o u n d   ( I I )  

or  ( I I I )   w i t h   an  o r g a n i c   amine   s u c h   as  t r i e t h y l a m i n e   a n d  

d i c y c l o h e x y l a m i n e .  

S u i t a b l e   e x a m p l e s   of  t h e   r e a c t i v e   d e r i v a t i v e   at   t h e  

c a r b o x y l   g r o u p   of  t h e   c o m p o u n d   ( I I I )   i n c l u d e   an  a c i d   h a l i d e ,  

an  a c i d   a z i d e ,   an  a c i d   a n h y d r i d e ,   an  a c t i v a t e d   amide   and  a n  

a c t i v a t e d   e s t e r   of  the  compound  ( I I I ) ,   and  e s p e c i a l l y   they  may  be  an  

acid  c h l o r i d e   or  an  acid  bromide  of  the  compound  ( I I I ) ;   a  m i x e d  a c i d  

anhydr ide   of  the  compound  ( I I I )   with  an  ac id ,   for  example,  with  a  

s u b s t i t u t e d   phosphor i c   acid  such  as  d i a l k y l p h o s p h o r i c   ac id ,   p h e n y l -  

p h o s p o r i c   a c i d ,   d i p h e n y l p h o s p h o r i c   a c i d ,   d i b e n z y l - p h o s p h o r i c  

a c i d ,   a  h a l o g e n a t e d   p h o s p h o r i c   a c i d ,   w i t h   a  d i a l k y l   p h o s -  

p h o s p h o r i c  a c i d ,   w i t h   s u l f u r o u s   a c i d ,   w i t h   t h i o - s u l f u r i c   a c i d ,  

w i t h   s u l f u r i c   a c i d ,   w i t h   an  a l k y l   c a r b o n a t e   such   as  m e t h y l  

c a r b o n a t e   and  e t h y l   c a r b o n a t e ,   w i t h   an  a l i p h a t i c   c a r b o x y l i c  

a c i d   s u c h   as  p i v a l i c   a c i d ,   v a l e r i c   a c i d ,   i s o v a l e r i c   a c i d ,  

2 - e t h y l a c e t i c   a c i d   and  t r i c h l o r o a c e t i c   a c i d ,   or  w i t h   a n  

a r o m a t i c   c a r b o x y l i c   a c i d   s u c h   as  b e n z o i c   a c i d ;   a  s y m -  

m e t r i c a l   a c i d   a n h y d r i d e   of  t h e   c o m p o u n d   ( I I I ) ;   an  a c t i v a t e d  



a m i d e   of  t h e   c o m p o u n d   ( I I I )   f o r m e d   w i t h   i m i d a z o l e ,   4 -  

s u b s t i t u t e d   i m i d a z o l e ,   d i m e t h y l p y r a z o l e ,   t r i a z o l e   o r  

t e t r a z o l e ;   an  a c t i v a t e d   e s t e r   of  t h e   c o m p o u n d   ( I I I )   s u c h  

as  c y a n o m e t h y l   e s t e r ,   m e t h o x y m e t h y l   e s t e r ,   d i m e t h y l i m i n o -  

m e t h y l   e s t e r ,   v i n y l   e s t e r ,   p r o p a r g y l   e s t e r ,   p - n i t r o p h e n y l  

e s t e r ,   2 , 4 - d i n i t r o p h e n y l   e s t e r ,   t r i c h l o r o p h e n y l   e s t e r ,  

p e n t a c h l o r o p h e n y l   e s t e r ,   m e s y l p h e n y l   e s t e r ,   p h e n y l a z o -  

p h e n y l   e s t e r ,   p h e n y l t h i o   e s t e r ,   p - n i t r o p h e n y l t h i o   e s t e r ,  

p - c r e s y l t h i o   e s t e r ,   c a r b o x y m e t h y l t h i o   e s t e r ,   p y r a n y l   e s t e r ,  

p y r i d y l   e s t e r ,   p i p e r i d y l   e s t e r   or  8 - q u i n o l y l t h i o   e s t e r ;   o r  

an  e s t e r   of  t h e   c o m p o u n d   ( I I I )   f o r m e d   w i t h   a  N - h y d r o x y l  

c o m p o u n d   s u c h   as  N , N - d i m e t h y l h y d r o x y l a m i n e ,   1 - h y d r o x y - 2 -  

( l H ) - p y r i d o n e ,   N - h y d r o x y s u c c i n i m i d e ,   N - h y d r o x y p h t h a l i m i d e  

or  l - h y d r o x y - 6 - c h l o r o - l H - b e n z o t r i a z o l e .  

T h e s e   r e a c t i v e   d e r i v a t i v e s   of  t h e   c o m p o u n d   ( I I )  

may  be  p r o p e r l y   s e l e c t e d   d e p e n d i n g   on  t he   n a t u r e   of  t h e  

c o m p o u n d   ( I I I )   to  be  r e a c t e d   t h e r e w i t h .  

The  r e a c t i o n   of  c o n d e n s i n g   t h e   c o m p o u n d   ( I I )   w i t h  

t h e   c o m p o u n d   ( I I I )   may  u s u a l l y   be  c o n d u c t e d   in  a  c o n v e n t i o n a l  

u n r e a c t i v e   s o l v e n t   s u c h   as  w a t e r ,   a c e t o n e ,   d i o x a n e ,   a c e t o -  

n i t r i l e ,   c h l o r o f o r m ,   m e t h y l e n e   c h l o r i d e ,   e t h y l e n e   c h l o r i d e ,  

t e t r a h y d r o f u r a n e ,   e t h y l   a c e t a t e ,   N , N - d i m e t h y l f o r m a m i d e ,  

p y r i d i n e ,   or  in   any  o t h e r   s o l v e n t   w h i c h   e x e r t s   no  a d v e r s e  

e f f e c t   on  t he   p r o g r e s s   of  t h i s   r e a c t i o n .   T h e s e   s o l v e n t s  

may  be  u s e d   as  a  m i x t u r e   w i t h   w a t e r .  



In  t he   c a s e   w h e r e   t he   c o m p o u n d   ( I I I )   i s   u s e d   in  t h e  

form  of  a  f r e e   a c i d   or  in   t h e   form  of  a  s a l t ,   t h e   r e a c t i o n  

may  p r e f e r a b l y   be  c o n d u c t e d   in   t h e   p r e s e n c e   of  a  c o n d e n s i n g  

a g e n t .   E x a m p l e s   of  such   a  c o n d e n s i n g   a g e n t   may  be  N , N ' -  

d i c y c l o h e x y l c a r b o d i i m i d e ;   N - c y c l o h e x y l - N - m o r p h o l i n o -  

e t h y l c a r b o d i i m i d e ;   N - c y c l o h e x y l - N ' - ( 4 - d i e t h y l a m i n o -  

c y c l o h e x y l ) c a r b o d i i m i d e ;   N , N ' - d i e t h y l c a r b o d i i m i d e ;   N , N ' -  

d i i s o p r o p y l c a r b o d i i m i d e ;   N - e t h y l - N ' - ( 3 - d i m e t h y l a m i n o p r o p y l )  

c a r b o d i i m i d e ;   N , N ' - c a r b o n y l - b i s ( 2 - m e t h y l i m i d a z o l e ) ;   p e n t a -  

m e t h y l e n e k e t e n e - N - c y c l o h e x y l i m i n e ;   d i p h e n y l k e t e n e - N - c y c l o -  

h e x y l i m i n e ;   e t h o x y a c e t y l e n e ;   1 - a l k o x y - l - c h l o r o e t h y l e n e ;  

p h o s p h o r o u s   a c i d   t r i a l k y l e s t e r ;   e t h y l   p o l y p h o s p h a t e ;   i s o -  

p r o p y l   p o l y p h o s p h a t e ;   p h o s p h o r u s   o x y c h l o r i d e ;   p h o s p h o r u s  

t r i c h l o r i d e ;   t h i o n y l   c h l o r i d e ;   o x a l y l   c h l o r i d e ;   t r i p h e n y l -  

p h o s p h i n e ;   2 - e t h y l - 7 - h y d r o x y b e n z o i s o x a z o l i u m   s a l t ;   2 - e t h y l -  

5 - ( m - s u l f o p h e n y l ) i s o x a z o l i u m   h y d r o x i d e   ( i n t r a m o l e c u l a r   s a l t ) ;  

I - ( p - c h l o r o b e n z e n e s u l f o n y l o x y ) - 6 - c h l o r o - l H - b e n z o t r i a z o l e ;  

V i l s m e i e r   r e a g e n t   as  p r e p a r e d   f rom  r e a c t i o n   of  d i m e t h y l -  

f o r m a m i d e   w i t h   t h i o n y l   c h l o r i d e ,   p h o s g e n e   and  p h o s p h o r u s  

o x y c h l o r i d e .  

T h i s   r e a c t i o n   a c c o r d i n g   to  Method   1  may  a l s o   b e  

c o n d u c t e d   in  t h e   p r e s e n c e   of  an  i n o r g a n i c   or  o r g a n i c   b a s e .  

E x a m p l e s   of  t h e s e   i n o r g a n i c   and  o r g a n i c   b a s e s   may  be  a n  

a l k a l i   m e t a l   h y d r o g e n   c a r b o n a t e   s u c h   as  s o d i u m   h y d r o g e n  

c a r b o n a t e   or  p o t a s s i u m   h y d r o g e n   c a r b o n a t e ,   an  a l k a l i   m e t a l  



c a r b o n a t e   s u c h   as  s o d i u m   c a r b o n a t e   or  p o t a s s i u m   c a r b o n a t e ,  

an  a l k a l i n e   e a r t h   m e t a l   c a r b o n a t e   s u c h   as  c a l c i u m   c a r b o -  

n a t e ,   a  t r i - ( l o w e r ) a l k y l   amine   s u c h   as  t r i m e t h y l a m i n e   o r  

t r i e t h y l a m i n e ,   p y r i d i n e ,   N - ( l o w e r ) a l k y l m o r p h o l i n e ,   N , N - d i -  

( l o w e r ) a l k y l b e n z y l a m i n e .  

The  r e a c t i o n   as  a b o v e   may  be  c a r r i e d   ou t   a t   a  n o n -  

c r i t i c a l   t e m p e r a t u r e ,   and  may  u s u a l l y   be  c o n d u c t e d   u n d e r  

c o o l i n g   or  u n d e r   h e a t i n g .  

The  p r o d u c t   c o m p o u n d   of  t h e   f o r m u l a   ( I )   w h i c h   h a s  

b e e n   p r e p a r e d   by  t he   a b o v e   r e a c t i o n s   f o r   t h e   p r e p a r a t i o n . -  

t h e r e o f ,   i f   d e s i r e d ,   may  t h e n   be  s u b j e c t e d   to  f u r t h e r   c o n -  

v e n t i o n a l   s t e p ( s )   f o r   r e m o v a l   of  t h e   r e m a i n i n g   c a r b o x y l -  

p r o t e c t i n g   g r o u p   a n d / o r   t h e   r e m a i n i n g   a m i n o - p r o t e c t i n g  

g r o u p   t h e r e f r o m ,   a n d / o r   to  f u r t h e r   c o n v e n t i o n a l   s t e p ( s )  

f o r   c o n v e r t i n g   t h e   c a r b o x y l   g r o u p ( s )   of  t h e   p r o d u c t   c o m p o u n d  

( I )   i n t o   a  m e t a b o l i c a l l y   u n s t a b l e ,   n o n - t o x i c   e s t e r   ( c a r b o -  

x y l a t e )   g r o u p .   The  m e t h o d   f o r   r e m o v a l   of  t h e   c a r b o x y l -  

p r o t e c t i n g   g r o u p   a n d / o r   t h e   a m i n o - p r o t e c t i n g   g r o u p   may 

p r o p e r l y   be  c h o s e n   a c c o r d i n g   to  t h e   n a t u r e   of  t h e   p r o -  

t e c t i n g   g r o u p s   to  be  r e m o v e d .  

The  a m i n o - p r o t e c t i n g   g r o u p   may  be  r e m o v e d   f rom  t h e  

p r o d u c t   c o m p o u n d   ( I )   by  a  c o n v e n t i o n a l   d e p r o t e c t i n g  

t e c h n i q u e ,   f o r   e x a m p l e ,   by  h y d r o l y s i s   or  r e d u c t i o n ,   a n d  

f o r   s u c h   a  p r o d u c t   c o m p o u n d   b e a r i n g   an  a c y l   g r o u p   as  t h e  

a m i n o - p r o t e c t i n g   g r o u p   to  be  r e m o v e d ,   i t   i s   f e a s i b l e   t o  



s u b j e c t   s u c h   p r o d u c t   c o m p o u n d   ( I )   to  a  r e a c t i o n   w i t h   a n  

i m i n o - h a l o g e n a t i n g   a g e n t   and  t h e n   w i t h   an  i m i n o - e t h e r i f i n g  

a g e n t ,   i f   n e c e s s a r y ,   f o l l o w e d   by  h y d r o l y s i s .   Acid   h y d r o l y s i s  

i s   one  of  t he   c o n v e n t i o n a l   m e t h o d s   f o r   r e m o v i n g   the   a m i n o -  

p r o t e c t i n g   g r o u p s   and  i s   a p p l i c a b l e   to  t he   r e m o v a l   of  s u c h  

g r o u p s   as  an  a l k o x y c a r b o n y l   g r o u p ,   f o r m y l   g r o u p   and  t r i t y l  

g r o u p .   The  a c i d s   a v a i l a b l e   f o r   t h i s   a c i d   h y d r o l y s i s   may  b e  

f o r m i c   a c i d ,   t r i f l u o r o a c e t i c   a c i d ,   p - t o l u e n e s u l f o n i c   a c i d ,  

h y d r o c h l o r i c   a c i d   and  o t h e r   o r g a n i c   or  i n o r g a n i c   a c i d s ,  

and  p r e f e r a b l y   t he   a c i d s   a r e   f o r m i c   a c i d ,   t r i f l u o r o a c e t i c  

a c i d   and  h y d r o c h l o r i c   a c i d   w h i c h   a f f o r d   e a s y   a f t e r - t r e a t m e n t  

of  t he   r e a c t i o n   m i x t u r e .   T h e s e   a c i d s   f o r   h y d r o l y s i s   a r e  

s e l e c t e d   p r o p e r l y   a c c o r d i n g   to  t h e   n a t u r e   of  t h e   a m i n o -  

p r o t e c t i n g   g r o u p   to  be  r e m o v e d .   T h i s   h y d r o l y s i s   r e a c t i o n  

may  be  c a r r i e d   ou t   e i t h e r   in  t h e   a b s e n c e   of  any  s o l v e n t   o r  

in  t he   p r e s e n c e   of  a  s o l v e n t   s u c h   as  w a t e r ,   a  h y d r o p h i l i c  

o r g a n i c   s o l v e n t   or  a  m i x t u r e   of  o r g a n i c   s o l v e n t s .   When 

t r i f l u o r o a c e t i c   a c i d   i s   e m p l o y e d   f o r   t h e   a c i d   h y d r o l y s i s ,  

t h e   r e a c t i o n   may  s u i t a b l y   be  c o n d u c t e d   in  t h e   p r e s e n c e   o f  

a n i s o l e .  

The  c a r b o x y l - p r o t e c t i n g   g r o u p   may  be  r e m o v e d   a l s o  

in  a  c o n v e n t i o n a l   m a n n e r ,   f o r   e x a m p l e ,   by  h y d r o l y s i s   o r  

r e d u c t i o n .   Acid   h y d r o l y s i s   i s   one  of  t h e   c o n v e n t i o n a l  

d e p r o t e c t i o n   m e t h o d s   w h i c h   i s   a d v a n t a g e o u s l y   a p p l i c a b l e  

to  t he   r e m o v a l   of  t he   c a r b o x y l - p r o t e c t i n g   g r o u p   of  s u c h  



k i n d   as  s i l y l   g r o u p   and  d i p h e n y l m e t h y l   g r o u p .  

The  c o n v e r s i o n   of  t h e   c a r b o x y l   g r o u p   i n t o   t h e  

m e t a b o l i c a l l y   u n s t a b l e   e s t e r   g r o u p   may  be  p e r f o r m e d   b y  

a  c o n v e n t i o n a l   m e t h o d   c o m p r i s i n g   r e a c t i n g   a  m e t a l   s a l t   o f  

t h e   c o r r e s p o n d i n g   c a r b o x y l i c   a c i d   c o m p o u n d   w i t h   an  a l k y l  

h a l i d e   s u c h   as  a  p i v a l o y l o x y m e t h y l   h a l i d e   e . g .   c h l o r i d e  

in  an  o r g a n i c   s o l v e n t .  

Method   2 :  

A c c o r d i n g   to  t h i s   Me thod   2,  s u c h   a  c e p h a l o s p o r i n  

compound   of  t h e   f o r m u l a   ( I )   w h e r e   t h e   g r o u p   A  d e n o t e s   a  

3 - l o w e r - a l k y l t h i a z o l y l   g r o u p ,   t h a t   i s ,   s u c h   a  c o m p o u n d   o f  

t he   f o l l o w i n g   f o r m u l a   ( I ' ) :  

w h e r e i n   R1,  R2  and  R3  a r e   as  d e f i n e d   a b o v e ,   R  i s   a  l o w e r  

a l k y l   g r o u p ,   and  R4  and  R5  a r e   t h e   same  or  d i f f e r e n t   a n d  

e a c h   a r e   a  h y d r o g e n   a t o m ,   a  l o w e r   a l k y l   g r o u p   or  a  h a l o g e n  

atom  s u c h   as  c h l o r i n e   a t o m ( w h i c h   may  be  p r e p a r e d   by  t h e  

p r o c e d u r e   of  t h e   Method   1  a b o v e )   i s   p r o d u c e d   by  t h e   m e t h o d  

c o m p r i s i n g   r e a c t i n g   a  c o m p o u n d   of  t h e   f o r m u l a   ( I " )  



w h e r e i n   R  ,   R2,  R3,  R   and  R   a r e   as  d e f i n e d   a b o v e ,   w i t h  

an  a l k y l a t i n g   a g e n t   s e l e c t e d   f rom  an  a l k y l   h a l i d e   of  t h e  

f o r m u l a   RX  w h e r e i n   R  i s   a  l o w e r   a l k y l   g r o u p   s u c h   as  m e t h y l  

and  e t h y l   and  X  i s   a  h a l o g e n   atom  s u c h   as  c h l o r i n e ,   b r o m i n e  

or  i o d i n e   a tom;   a  mono-   or  d i - l o w e r - a l k y l   s u l f a t e ;   and  a  

l o w e r   a l k y l   l o w e r - a l k a n e s u l f o n a t e ,   to  a l k y l a t e   t he   3 -  

n i t r o g e n   atom  of  t h e   t h i a z o l y l   g r o u p   of  t h e   c o m p o u n d   o f  

t h e   f o r m u l a   ( I " ) .   The  a l k y l   h a l i d e   of  t h e   f o r m u l a   RX  a s  

t he   a l k y l a t i o n   a g e n t   may  be  m e t h y l   b r o m i d e ,   m e t h y l   i o d i d e ,  

e t h y l   b r o m i d e   and  e t h y l   i o d i d e ,   f o r   e x a m p l e .   The  m o n o -  

or  d i - l o w e r - a l k y l   s u l f a t e   as  t h e   a l k y l a t i o n   a g e n t   may  b e  

m o n o - m e t h y l   or  d i - m e t h y l   s u l f a t e   and  m o n o - e t h y l   or  d i -  

e t h y l   s u l f a t e .   The  l o w e r   a l k y l   l o w e r - a l k a n e s u l f o n a t e   may 

be  m e t h y l   m e t h a n e s u l f o n a t e ,   f o r   e x a m p l e .   The  r e a c t i o n   o f  

a l k y l a t i n g   t he   3 - n i t r o g e n   atom  of  t h e   t h i a z o l y l   g r o u p   o f  

t he   c o m p o u n d   ( I " )   may  be  a c h i e v e d   in   a  c o n v e n t i o n a l   m a n n e r  

known  f o r   a l k y l a t i o n   of  t h e   o r g a n i c   n i t r o g e n   a t o m .   When 

t h e   a l k y l a t i o n   r e a c t i o n   i s   c o n d u c t e d   u s i n g   a  l o w e r   a l k y l  

e s t e r   of  t h e   s u l f u r i c   or  s u l f o n i c   a c i d   as  t h e   a l k y l a t i n g  



a g e n t   (RX),  t h i s   r e a c t i o n   may  n o r m a l l y   be  c o n d u c t e d   in   a  

s o l v e n t   s u c h   as  b e n z e n e ,   t o l u e n e ,   d i c h l o r o e t h a n e ,   d i c h l o r o -  

m e t h a n e ,   c h l o r o f o r m ,   w a t e r ,   a c e t o n e ,   t e t r a h y d r o f u r a n e ,  

e t h a n o l ,   e t h y l   e t h e r ,   d i m e t h y l f o r m a m i d e   or  in   any  o t h e r  

s o l v e n t   w h i c h   e x e r t s   no  a d v e r s e   e f f e c t   on  t h e   p r o g r e s s  

of  t h i s   r e a c t i o n .  

T h i s   r e a c t i o n   a c c o r d i n g   to  M e t h o d   2  may  a l s o   p r e -  

f e r a b l y   be  c o n d u c t e d   in   t h e   p r e s e n c e   of  s u c h   an  i n o r g a n i c  

or  o r g a n i c   b a s e   as  d e s c r i b e d   in   Me thod   1.  The  a l k y l a t i o n  

r e a c t i o n   as  a b o v e   may  be  c a r r i e d   o u t   a t   any  t e m p e r a t u r e  

w h i c h   i s   no t   l i m i t e d   c r i t i c a l l y ,   and  t h e   a l k y l a t i o n   may 

u s u a l l y   be  c o n d u c t e d   at   a  t e m p e r a t u r e   of  up  to  t h e   b o i l i n g  

p o i n t   of  t h e   s o l v e n t   u s e d   in   t h i s   r e a c t i o n ,   u n d e r   c o o l i n g  

or  h e a t i n g .  

The  p r o d u c t   c o m p o u n d   ( I ' )   w h i c h   has   b e e n   p r e p a r e d  

by  t h e   a b o v e   a l k y l a t i o n   r e a c t i o n   may,  i f   d e s i r e d ,   t h e n   b e  

s u b j e c t e d   to  f u r t h e r   c o n v e n t i o n a l   s t e p ( s )   f o r   r e m o v i n g  

t h e   r e m a i n i n g   c a r b o x y l - p r o t e c t i n g   g r o u p   a n d / o r   t h e   r e m a i n i n g  

a m i n o - p r o t e c t i n g   g r o u p   t h e r e f r o m ,   a n d / o r   to  f u r t h e r   c o n -  

v e n t i o n   s t e p ( s )   f o r   c o n v e r t i n g   t h e   c a r b o x y l   g r o u p ( s )   o f  

t he   p r o d u c t   c o m p o u n d   ( I ' )   i n t o   a  m e t a b o l i c a l l y   u n s t a b l e ,  

n o n - t o x i c   e s t e r   ( c a r b o x y l a t e )   g r o u p ,   in   t h e   same  m a n n e r   a s  

d e s c r i b e d   f o r   t h e   p r o c e d u r e s   of  Me thod   1 .  

A c c o r d i n g   to  a  s e c o n d   a s p e c t   of  t h i s   i n v e n t i o n ,  

t h e r e f o r e ,   t h e r e   i s   p r o v i d e d   a  p r o c e s s   f o r   t h e   p r o d u c t i o n  



of  a  c e p h a l o s p o r i n   c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I )  

w h e r e i n   R1  is   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  i s   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a tom,   a  

s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   and  A 

i s   an  u n s u b s t i t u t e d   or  s u b s t i t u t e d   p h e n y l   g r o u p ,   an  u n -  

s u b s t i t u t e d   or  s u b s t i t u t e d   f u r y l   g r o u p   or  an  u n s u b s t i t u t e d  

or  s u b s t i t u t e d   t h i a z o l y l   g r o u p   or  an  u n s u b s t i t u t e d   o r  

s u b s t i t u t e d   3 - l o w e r - a l k y l t h i a z o l i o   g r o u p ,   c h a r a c t e r i z e d   i n  

t h a t   t h e   p r o c e s s   c o m p r i s e s   r e a c t i n g   a  7 - a m i n o c e p h a l o s p o r a n i c  

a c i d   c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I I )  

w h e r e i n   R3  and  A  a r e   as  d e f i n e d   a b o v e ,   or  a  f u n c t i o n a l  

e q u i v a l e n t   t h e r e o f   ( i n c l u d i n g   a  r e a c t i v e   d e r i v a t i v e   at  t h e  

amino   g r o u p   of  t h e   c o m p o u n d   of  t h e   f o r m u l a   ( I I )   and  a  s a l t  



of  t h e   c o m p o u n d   of  t h e   f o r m u l a   ( I I ) ) ,   w i t h   a  2 - ( 2 - a m i n o -  

t h i a z o l - 4 - y l ) - 2 - a l k o x y i m i n o - a c e t i c   a c i d   c o m p o u n d   of  t h e  

f o r m u l a   ( I I I )  

w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e ,   or  a  f u n c t i o n a l  

e q u i v a l e n t   t h e r e o f   ( i n c l u d i n g   a  r e a c t i v e   a c i d   d e r i v a t i v e  

of  t h e   c o m p o u n d   of  t he   f o r m u l a   ( I I I ) )   in   an  u n r e a c t i v e  

s o l v e n t   at   a  t e m p e r a t u r e   of  n o t   h i g h e r   t h a n   t he   b o i l i n g  

t e m p e r a t u r e   of  t h e   s o l v e n t   u s e d ,   to  p r o d u c e   t h e   c o m p o u n d  

of  t h e   f o r m u l a   ( I ) ,   and  t h e n ,   i f   d e s i r e d ,   w h e r e   t h e   p r o d u c t  

c o m p o u n d   of  t h e   f o r m u l a   ( I )   as  p r o d u c e d   i s   s u c h   one  a s  

s h o w n - b y   the   f o r m u l a   ( I " )  

w h e r e i n   Rl ,   R2  and  R3  a r e   as  d e f i n e d   a b o v e ,   and  R4  and  R5 

a r e   t h e   same  or  d i f f e r e n t   and  e a c h   a r e   a  h y d r o g e n   a t o m ,  

a  l o w e r   a l k y l   g r o u p   or  a  h a l o g e n   a tom  s u c h   as  a  c h l o r i n e  



a tom,   a l k y l a t i n g   t h e   3 - n i t r o g e n   atom  of  t h e   t h i a z o l y l  

g r o u p   of  t h e   c o m p o u n d   of  t h e   f o r m u l a   ( I " )   by  r e a c t i n g  

w i t h   an  a l k y l   h a l i d e   of  t he   f o r m u l a   RX  w h e r e i n   R  i s   a  

l o w e r   a l k y l   g r o u p   and  X  i s   a  h a l o g e n   a tom,   such   as  c h l o r i n e  

or  b r o m i n e   a t o m ,   or  a  mono-   or  d i - l o w e r - a l k y l   s u l f a t e  

or  a  l o w e r   a l k y l   l o w e r - a l k a n e s u l f o n a t e ,   to  p r o d u c e  

t he   c o m p o u n d   of  t he   f o r m u l a   ( I " ' )  

w h e r e i n   R  ,   R2,  R3,  R   and  R   a r e   as  d e f i n e d   above   a n d  

R  is   c o r r e s p o n d i n g   to  t h e   l o w e r   a l k y l   g r o u p   of  t he   a l k y l  

h a l i d e   or  t h e   mono-   or  d i - l o w e r - a l k y l   s u l f a t e   or  t h e  

l o w e r   a l k y l   l o w e r - a l k a n e s u l f o n a t e   e m p l o y e d ,   and  f u r t h e r ,  

i f   d e s i r e d ,   r e m o v i n g   t he   r e m a i n i n g   a m i n o - p r o t e c t i n g   g r o u p  

and  t h e   r e m a i n i n g   c a r b o x y l - p r o t e c t i n g   g r o u p   f rom  t h e  

p r o d u c t   c o m p o u n d   of  t h e   f o r m u l a   ( I )   or  of  t he   f o r m u l a   ( I " ' ) .  

The  p r o c e s s   of  t he   s e c o n d   a s p e c t   of  t h i s   i n v e n t i o n  

may  i n c l u d e   a  f u r t h e r   s t e p   of  r e a c t i n g   the   c o m p o u n d   of  t h e  

f o r m u l a   ( I )   w h e r e   R3  i s   a  h y d r o g e n   a tom,   w i t h   an  a l k a l i  

m e t a l   h y d r o x i d e ,   an  a l k a l i   m e t a l   h y d r o g e n   c a r b o n a t e   or  a n  

a l k a l i   m e t a l   c a r b o n a t e   or  an  a l c o h o l   s u c h   as  a  l o w e r   a l k a n o l  



to  p r o d u c e   t h e   c o m p o u n d   of  t h e   f o r m u l a   ( I )   w h e r e   R   i s   a n  

a l k a l i   m e t a l   c a t i o n   or  an  e s t e r - f o r m i n g   g r o u p   s u c h   as  a  

l o w e r   a l k y l   g r o u p .   T h i s   r e a c t i o n   may  b e  c a r r i e d   ou t   i n  

a  known  m a n n e r   f o r   t he   c o n v e r s i o n   of  a  c a r b o x y l i c   a c i d  

i n t o   a  c o r r e s p o n d i n g   a l k a l i   m e t a l   c a r b o x y l a t e   or  an  e s t e r  

of  t he   c a r b o x y l i c   a c i d .   In  t h i s   way,   t h e   c o m p o u n d   of  t h e  

f o r m u l a   ( I )   in  t h e   fo rm  of  a  f r e e   c a r b o x y l i c   a c i d   may  b e  

c o n v e r t e d   i n t o   t h e   form  of  an  a l k a l i   m e t a l   c a r b o x y l a t e   o r  

a  c a r b o x y l i c   a c i d   e s t e r .  

E x a m p l e s   of  t he   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s  

of  t he   c o m p o u n d   of  t he   f o r m u l a   ( I )   i n c l u d e   o r d i n a r y   n o n -  

t o x i c   s a l t s ,   f o r   e x a m p l e ,   s a l t s   ( c a r b o x y l a t e )   w i t h   a n  

a l k a l i   m e t a l   s u c h   as  s o d i u m   and  p o t a s s i u m ;   s a l t s   w i t h   a n  

a l k a l i n e   e a r t h   m e t a l   s u c h   as  c a l c i u m   and  m a g n e s i u m ;  

ammonium  s a l t ;   a c i d   a d d i t i o n   s a l t s   of  t he   c o m p o u n d   ( I )  

w i t h   an  o r g a n i c   b a s e   s u c h   as  t r i m e t h y l a m i n e ,   t r i e t h y l a m i n e ,  

p y r i d i n e ,   p i c o l i n e ,   d i c y c l o h e x y l a m i n e ,   N , N ' - d i b e n z y l e t h y l e n e -  

d i a m i n e ;   a c i d - a d d i t i o n   s a l t s   of  t h e   c o m p o u n d   ( I )   w i t h   a n  

o r g a n i c   a c i d   s u c h   as  a c e t i c   a c i d ,   t r i f l u o r o a c e t i c   a c i d ,  

m a l e i c   a c i d ,   t a r t a r i c   a c i d ,   m e t h a n e s u l f o n i c   a c i d ,   b e n z e n e -  

s u l f o n i c   a c i d ,   f o r m i c   a c i d   and  t o l u e n e s u l f o n i c   a c i d ;  

a c i d - a d d i t i o n   s a l t s   w i t h   an  i n o r g a n i c   a c i d   s u c h   as  h y d r o -  

c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,   s u l f u r i c   a c i d   and  p h o s p h o r i c  

a c i d ;   a c i d - a d d i t i o n   s a l t s   w i t h   an  amino  a c i d   s u c h   a s  

a r g i n i c   a c i d ,   a s p a r t i c   a c i d   and  g l u t a m i c   a c i d .  



E x a m p l e s   of  t he   p h a r m a c e u t i c a l l y   a c c e p t a b l e   e s t e r  

of  t he   compound   of  t he   f o r m u l a   ( I )   a c c o r d i n g   to  t h i s  

i n v e n t i o n   i n c l u d e   the   e s t e r s   w h i c h   a r e   o b t a i n e d   by  t h e  

e s t e r i f i c a t i o n   of  t he   2 - c a r b o x y l   g r o u p   of  t he   c o m p o u n d   o f  

the   f o r m u l a   ( I )   w i t h   a  l o w e r   a l k a n o y l o x y m e t h y l   g r o u p   s u c h  

as  p i v a l o y l o x y m e t h y l   g r o u p ,   a  l o w e r   a l k y l c a r b o n y l o x y a l k y l  

g r o u p ,   a  l o w e r   a l k o x y c a r b o n y l o x y a l k y l   g r o u p ,   or  a  ( 2 - o x o -  

l , 3 - d i o x o l e n e - 4 - y l ) m e t h y l   g r o u p   and  the   l i k e .  

The  c o m p o u n d s   of  t h i s   i n v e n t i o n   a r e   a l l   n o v e l  

c o m p o u n d s .   Minimum  i n h i b i t o r y   c o n c e n t r a t i o n s   ( M I C . ,  u g / m l )  

of  some  of  t he   new  c o m p o u n d s   a g a i n s t   g r o w t h   of  b a c t e r i a   a s  

d e t e r m i n e d   by  a g a r - d i l u t i o n   m e t h o d   a re   shown  in  T a b l e   1 

b e l o w .   As  be  a p p a r e n t   f rom  T a b l e   1,  a l l   t he   c o m p o u n d s  

u n d e r   t e s t   of  t h i s   i n v e n t i o n   e x h i b i t   h i g h   a n t i b a c t e r i a l  

a c t i v i t y   and  a  wide   r a n g e   of  a n t i b a c t e r i a l   s p e c t r a ,  

i n d i c a t i n g   t h a t   t he   new  c o m p o u n d s   of  t h i s   i n v e n t i o n   a r e  

u s e f u l   as  a n t i b a c t e r i a l   a g e n t .  





R e f e r r i n g   to  T a b l e   1  a b o v e ,   t h e   C o m p o u n d s   of   E x a m p l e s  

u n d e r   t e s t   a r e   i d e n t i f i e d   as  f o l l o w s : -  

E x a m p l e   No.  10  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   t r i f l u o r o a c e t a t e   ( c y n - i s o m e r ,   c i s - i s o m e r )  

E x a m p l e   No.  11  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - ( 2 - p h e n y l v i n y l ) - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

t r i f l u o r o a c e t a t e   ( c y n - i s o m e r ,   c i s - i s o m e r )  

E x a m p l e   No.  12  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

s o d i u m   s a l t   ( c y n - i s o m e r ,   c i s - i s o m e r ) .  

E x a m p l e   No.  13  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 5 - n i t r o - 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   s o d i u m   s a l t   ( s y n - i s o m e r ,   t r a n s - i s o m e r ) .  

E x a m p l e   No.  14  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( o - f l u o r o p h e n y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

t r i f l u o r o a c e t a t e   ( s y n - i s o m e r ,   m ixed   c i s -   and  t r a n s - i s o m e r s ) .  

E x a m p l e   No.  15  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 3 , 4 - d i m e t h y l - 5 - t h i a z o l i o ) v i n y l ] - 3 - c e p h e m - 4 -  



c a r b o x y l i c   a c i d   d i - t r i f l u o r o a c e t a t e   ( s y n - i s o m e r ) .  

E x a m p l e   No.  16  C o m p o u n d :  

7 - [ 2 - c a r b o x y m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c a c i d   t r i f l u o r o a c e t a t e   ( syn - i somer ,   t r a n s - i s o m e r ) .  

E x a m p l e   No.  18  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   s o d i u m   s a l t   ( s y n - i s o m e r ,   t r a n s - i s o m e r ) .  

E x a m p l e   No.  21  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   s o d i u m   s a l t   ( s y n - i s o m e r ,   c i s - i s o m e r ) .  

E x a m p l e   No.  30  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   t r i f l u o r o a c e t a t e   ( s y n - i s o m e r ,   t r a n s -  

i s o m e r ) .  

E x a m p l e   No.  31  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   t r i f l u o r o a c e t a t e   ( s y n - i s o m e r ,   c i s -  

i s o m e r )  .  

E x a m p l e   No.  32  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  



3 - [ 2 - ( t h i a z o l - 4 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

s o d i u m   s a l t   ( s y n - i s o m e r ,   c i s - i s o m e r ) .  

E x a m p l e   No.  33  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

s o d i u m   s a l t   ( s y n - i s o m e r ,   c i s - i s o m e r ) .  

E x a m p l e   No.  34  C o m p o u n d :  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 , 4 - d i c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   s o d i u m   s a l t   ( s y n - i s o m e r ,   c i s - i s o m e r ) .  

The  new  c o m p o u n d   of   t h e   f o r m u l a   (I)  or   t h e   f o r m u l a  

( Ia)   to  ( I f )   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   or   a  p h a r m a c e u t i -  

c a l l y   a c c e p t a b l e   s a l t   or   e s t e r   t h e r e o f   may  be  f o r m u l a t e d  

i n t o   a  p h a r m a c e u t i c a l   c o m p o s i t i o n   by  m i x i n g   w i t h   a  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   s o l i d   or  l i q u i d   c a r r i e r   or  v e h i c l e  

when  i t   i s   to  be  a d m i n i s t e r e d   to  man  f o r   t h e   t h e r a p e u t i c  

t r e a t m e n t   of  b a c t e r i a l   i n f e c t i o n s .  

A c c o r d i n g   to  a  f u r t h e r   a s p e c t   of  t h i s   i n v e n t i o n ,  

t h e r e f o r e ,   t h e r e   i s   p r o v i d e d   a  p h a r m a c e u t i c a l ,   a n t i b a c t e r i a l  

c o m p o s i t i o n   w h i c h   c o m p r i s e s   an  a n t i b a c t e r i a l l y   e f f e c t i v e  

a m o u n t   of  t h e   c o m p o u n d   of  t h e   f o r m u l a   (I)  or   of  t h e   f o r m u l a  

( Ia )   to   ( I f )   as  d e f i n e d   h e r e i n b e f o r e   or   a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t   or  e s t e r   t h e r e o f   as  t h e   a c t i v e   i n g r e d i e n t ,  

in   c o m b i n a t i o n   of   a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r   f o r  

t he   a c t i v e   i n g r e d i e n t .  



The  p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r   as  m i x e d  

w i t h   t he   a c t i v e   i n g r e d i e n t   c o m p o u n d   may  be  an  o r d i n a r y  

s o l i d   or   l i q u i d   o n e ,   e i t h e r   o r g a n i c   or   i n o r g a n i c ,   w h i c h  

may  be  c h o s e n   a p p r o p r i a t e l y   d e p e n d i n g   on  w h e t h e r   t h e  

p h a r m a c e u t i c a l   f o r m u l a t i o n   as  p r e p a r e d   i s   to   be  a d m i n i s t e r e d  

o r a l l y   or   n o n - o r a l l y   or   a p p l i e d   e x t e r n a l l y .   The  p h a r m a c e u t i -  

c a l   c o m p o s i t i o n   of   t h i s   i n v e n t i o n   may  be  of  any  c o n v e n t i o n a l  

f o r m u l a t i o n   fo rm  s u c h   as  c a p s u l e s ,   t a b l e t s ,   s u g a r - c o a t e d  

p i l l s ,   o i n t m e n t ,   s u p p o s i t o r y ,   s o l u t i o n ,   s u s p e n s i o n   a n d  

e m u l s i o n .   O t h e r   c o n v e n t i o n a l   a d d i t i v e s ,   i n c l u d i n g   a d j u v a n t ,  

s t a b i l i z i n g   a g e n t ,   w e t t i n g   a g e n t ,   e m u l s i f y i n g   a g e n t ,   b u f f e r  

s o l u t i o n   may  a l s o   be  i n c o r p o r a t e d   i n t o   t h e   p h a r m a c e u t i c a l  

c o m p o s i t i o n   of   t h i s   i n v e n t i o n   c o n t a i n i n g   t h e   c o m p o u n d   ( I )  

as  t h e   a c t i v e   i n g r e d i e n t .  

The  new  c e p h a l o s p o r i n   c o m p o u n d   of   t h i s   i n v e n t i o n   a s  

o r a l l y   a d m i n i s t e r e d   i s   e a s i l y   a b s o r b e d   t h r o u g h   t h e   i n t e s t i n e s  

by  a  l i v i n g   a n i m a l   and  m a i n t a i n s   i t s   a n t i b a c t e r i a l   a c t i v i t y  

to  a  s u b s t a n t i a l   e x t e n t   in   t h e   b o d y   of  t h e   a n i m a l   u n t i l  

i t   i s   e x c r e t e d   in  t he   u r i n e   of  t h e   a n i m a l ,   and  t h i s  

may  be  o b s e r v e d   by  d e t e r m i n i n g   t h e   r e m a i n i n g   a m o u n t   o f  

t he   c e p h a l o s p o r i n   c o m p o u n d   o f   t h i s   i n v e n t i o n   w h i c h   can   b e  

r e c o v e r e d   in   t h e   u r i n e   w i t h o u t   r e c e i v i n g   a  s u b s t a n t i a l  

d e g r a d a t i o n   of   t h e   c o m p o u n d   in   v i v o .   Some  t e s t s   w e r e   m a d e  

to  e v a l u a t e   t h e   a m o u n t   of   t h e   c e p h a l o s p o r i n   c o m p o u n d   of  t h i s  

i n v e n t i o n   w h i c h   can   be  r e c o v e r e d   as  t h e   a n t i b a c t e r i a l l y  



a c t i v e   c o m p o u n d   f rom  t h e   u r i n e   a f t e r   i t   was  o r a l l y   g i v e n   t o  

m i c e .  

T e s t   1 

To  mice   of  I C R - s t r a i n   ( m a l e ,   4 - w e e k s - a g e d ,   t h r e e   i n  

e a c h   g r o u p )   was  o r a l l y   a d m i n i s t e r e d   t h e   c o m p o u n d   u n d e r   t e s t  

i d e n t i f i e d   b e l o w ,   a t   a  d o s a g e   of   t h e   c o m p o u n d   of   0 .5   mg  p e r  

m o u s e .   The  c o m p o u n d   u n d e r   t e s t   was  g i v e n   as  a  s u s p e n s i o n   o f  

t h e   t e s t   c o m p o u n d   in   a  s o l u t i o n   of   0.2%  c a r b o x y m e t h y l -  

c e l l u l o s e   (CMC)  in   w a t e r .   By  t h e   end  of  4  h o u r s   a f t e r   t h e  

a m i n i s t r a t i o n   of  t h e   t e s t   c o m p o u n d ,   a l l   t h e   a m o u n t s   of   t h e  

u r i n e   e x c r e t e d   by  t h e   t r e a t e d   m ice   w e r e   c o l l e c t e d   t o g e t h e r ,  

and  t h e   t o t a l   q u a n t i t y   of   t h e   c e p h a l o s p o r i n   c o m p o u n d   of  t h i s  

i n v e n t i o n   (as  t h e   f r e e   c a r b o x y l i c   a c i d   form)   in  t h e   u r i n e  

was  d e t e r m i n e d   a c c o r d i n g   to  a  p a p e r - d i s c   a s s a y   m e t h o d   u s i n g  

E s c h e r i c h i a   c o l i   K-12  8236  as  t h e   a s s a y i n g   s t r a i n .  

The  c o m p o u n d   u n d e r   t e s t   was  t h e   E x a m p l e   No.  22  Com- 

p o u n d ,   n a m e l y   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   p i v a l o y l o x y m e t h y l  

e s t e r ;   and  t h e   E x a m p l e   No.  38  C o m p o u n d ,   n a m e l y   7 - [ 2 -  

m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t o a m i d o ] - 3 - [ 2 -  

( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( c y n - i s o m e r ,  

c i s - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r .  

R a t e   of  r e c o v e r y   of  t h e   c e p h a l o s p o r i n   c o m p o u n d   in   u r i n e  

was  c a l c u l a t e d   in   t e r m   of   p e r c e n t a g e s   of   t h e   m o l a r   q u a n t i t y   o f  



t he   c e p h a l o s p o r i n   c o m p o u n d   as  r e c o v e r e d   (as  t he   f r e e  

c a r b o x y l i c   a c i d   f o r m )   b a s e d   on  t he   m o l a r   q u a n t i t y   o f  

the   c e p h a l o s p o r i n   c o m p o u n d   as  o r a l l y   g i v e n .  

The  t e s t   r e s u l t s   o b t a i n e d   (as   a v e r a g e d   f o r   t h r e e  

m i c e )  a r e   shown  in  T a b l e   2  b e l o w .  

In  t he   a b o v e   t e s t s ,   t he   c e p h a l o s p o r i n   c o m p o u n d s  

u n d e r   t e s t   as  o r a l l y   g i v e n   e a c h   were   c o n v e r t e d   in  v i v o  

i n t o   t he   c o r r e s p o n d i n g   f r e e   c a r b o x y l i c   a c i d   form  o w i n g  

to  e a s y   c l e a v a g e   of  t he   e s t e r - f o r m i n g   p i v a l o y l o x y m e t h y l  

g r o u p   f rom  t h e   4 - c a r b o x y l   g r o u p   of  t h e   c o m p o u n d   a f t e r  

t h e y   were   a b s o r b e d   in   t he   a n i m a l   b o d y .   The  t e s t   c o m -  

p o u n d s   were   e x c r e t e d   in  t he   u r i n e   in  t he   fo rm  of  i t s  

f r e e   c a r b o x y l i c   a c i d ,   of  w h i c h   t h e   a n t i b a c t e r i a l   p o t e n c y  

was  e v a l u a t e d   by  t he   b i o - a s s a y   m e t h o d .  



T h i s   i n v e n t i o n   i s   now  i l l u s t r a t e d   w i t h   r e f e r e n c e   t o  

t h e   f o l l o w i n g   E x a m p l e s .   E x a m p l e s   1 -39   i l l u s t r a t e   t h e  

p r o c e d u r e s   f o r   p r e p a r i n g   t h e   new  c e p h a l o s p o r i n   c o m p o u n d s  

of  t h i s   i n v e n t i o n ,   and  R e f e r e n c e   E x a m p l e s   1-8  i l l u s t r a t e  

t h e   p r o c e d u r e s   f o r   p r e p a r i n g   t h e   s t a r t i n g   c o m p o u n d s   e m p l o y e d  

f o r   t h e   p r e p a r a t i o n   of  t h e   new  c o m p o u n d s   of   t h i s   i n v e n t i o n .  

R e f e r e n c e   E x a m p l e   1 

P r o d u c t i o n   of  7 - ( p h e n o x y a c e t a m i d o ) - 3 - [ 2 - ( 4 - m e t h y l -  

t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   b e n z h y d r y l  

e s t e r  

(1)  B e n z h y d r y l   7 - ( p h e n o x y a c e t a m i d o ) - 3 - ( t r i p h e n y l -  

p h o s p h o r a n - d i y l m e t h y l ) - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( 1 . 5 5   g)  a n d  

4 - m e t h y l t h i a z o l - 5 - c a r b o a l d e h y d e   ( 0 . 3 0 5   g)  we re   d i s s o l v e d  

in  m e t h y l e n e   c h l o r i d e   (20  m l ) ,   to   w h i c h   a q u e o u s   s a t u r a t e d  

s o d i u m   b i c a r b o n a t e   (20  ml)  was  a d d e d   a t   a m b i e n t   t e m p e r a t u r e .  

The  r e s u l t a n t   m i x t u r e   was  s t i r r e d   f o r   17  h o u r s   a t   a m b i e n t  

t e m p e r a t u r e .   The  m i x t u r e   was  a l l o w e d   to  s t a n d   u n t i l   i t  

s e p a r a t e d   i n t o   t h e   a q u e o u s   p h a s e   and  o r g a n i c   s o l v e n t   p h a s e .  

The  a q u e o u s   p h a s e   was  r e m o v e d   and  w a s h e d   w i t h   m e t h y l e n e  

c h l o r i d e   (20  ml) ,   and  t h e   wash ings  ( i n   methylene  c h l o r i d e )   were  

c o m b i n e d   w i t h   t h e   o r g a n i c   s o l v e n t   p h a s e   s e p a r a t e d .   T h e  

c o m b i n e d   s o l u t i o n   was  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e  

and  t h e n   c o n c e n t r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e .  

The  s o l i d   r e s i d u e   o b t a i n e d   was  p u r i f i e d   c h r o m a t o g r a p h i c a l l y  

on  a  c o l u m n   of   s i l i c a   g e l   (Wako  g e l   C-300)   (40  g)  



as  d e v e l o p e d   w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 5 : 1 )   as  t h e  

d e v e l o p m e n t   s o l v e n t .   The  t i t l e d   c o m p o u n d ,   7 - ( p h e n o x y -  

a c e t a m i d o ) - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   b e n z h y d r y l   e s t e r   ( 0 . 7 4 1   g)  was  o b t a i n e d .  

NMR,6  ( C D C 1 3 )  :   2 . 3 4   (3H,  s ) ,   3 . 2 4   (1H,  d,  J=18  H z ) ,  

3 .48   (1H,  d,  J=18   H z ) ,   4 . 5 5   (2H,  s ) ,   5 . 1 2   (1H,  d,  J=5  H z ) ,  

5 . 9 5   ( lH ,   dd ,   J=5  Hz,  9  H z ) ,   6 . 2 5   ( lH,   d,  J=12  H z ) ,  

6 .49   ( lH,   d,  J=12   H z ) ,   6 . 8 - 7 . 5   (16H,  m),   8 . 5 6   ( lH ,   s ) .  

(2)  B e n z h y d r y l   7 - ( p h e n o x y a c e t a m i d o ) - 3 - [ 2 - ( 4 - m e t h y l -  

t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( 0 . 7 2 5   g)  w a s  

d i s s o l v e d   in   a n i s o l e   (2  m l ) ,   to  w h i c h   t r i f l u o r o a c e t i c   a c i d  

(7  ml)  was  a d d e d   u n d e r   i c e - c o o l i n g .   The  m i x t u r e   was  s t i r r e d  

f o r   1  h o u r   u n d e r   i c e - c o o l i n g .   The  r e a c t i o n   m i x t u r e   w a s  

c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to   g i v e   a  s y r u p ,   w h i c h  

was  t h e n   s o l i d i f i e d   by  a d d i t i o n   of   i s o p r o p y l   e t h e r   t h e r e t o .  

The  s o l i d   o b t a i n e d   was  p u l v e r i z e d   and  was  m i x e d   w i t h  

i s o p r o p y l   e t h e r   f o r   t h e   w a s h i n g   p u r p o s e ,   and  t h e   m i x t u r e  

was  f i l t e r e d   to   r e c o v e r   t h e   s o l i d   w h i c h   was  t h e n   d r i e d  

u n d e r   r e d u c e d   p r e s s u r e .   7 - ( P h e n o x y a c e t a m i d o ) - 3 - [ 2 - ( 4 -  

m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( 0 . 5 1 2   g)  was  t h u s   o b t a i n e d .  

NMR,  δ  ( C D C l 3 )  =   2 . 3 8   (3H,  s ) ,   3 . 19   ( lH,   d,  J=18  H z ) ,  

3 .46   ( lH,   d,  J=18   H z ) ,   4 . 5 5   (2H,  s ) ,   5 . 09   ( lH,   d,  J=5  H z ) ,  

5 . 9 1   (1H,  d,  J=5  H z ) ,   6 . 4 4   (1H,  d,  J=12  H z ) ,   6 . 5 7   ( lH,   d ,  

J=12  Hz) ,  6 . 8 - 7 . 6   (6H,  m) ,  8 . 79   (1H,  s )  .  



(3)  7 - ( P h e n o x y a c e t a m i d o ) - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( 0 . 4 9 0   g)  was  d i s s o l v e d  

in   e t h y l   a c e t a t e   (5  m l ) ,   to   w h i c h   s o d i u m   2 - e t h y l h e x a n o a t e  

( 0 . 3 0 0   g)  was  a d d e d .   The  r e s u l t a n t   m i x t u r e   was  s t i r r e d   f o r  

30  m i n u t e s ,   and  t h e   p r e c i p i t a t e   as  f o r m e d   was  r e m o v e d   f r o m  

t h e   m i x t u r e   by  f i l t r a t i o n   and  w a s h e d   w i t h   a  m i x t u r e   o f  

e t h y l   a c e t a t e   and  i s o p r o p y l   e t h e r   ( 1 : 1 ) .   The  s o l i d   p r o d u c t  

(as  t h e   s o d i u m   s a l t )   was  d i s s o l v e d   in   d i m e t h y l f o r m a m i d e  

(5  ml)  u n d e r   i c e - c o o l i n g ,   to  w h i c h   was  a d d e d   s u c h   a  s o l u t i o n  

in  d i m e t h y l f o r m a m i d e   (3  ml)  of  i o d o m e t h y l   p i v a l a t e   as  p r e -  

p a r e d   f rom  c h l o r o m e t h y l   p i v a l a t e   ( 0 . 4 5 0   g)  and  s o d i u m  

i o d i d e   ( 0 . 4 5 0   g ) .   The  r e s u l t a n t   m i x t u r e   was  s t i r r e d   f o r  

1  h o u r   u n d e r   i c e - c o o l i n g .   To  t h e   r e a c t i o n   m i x t u r e   w a s  

a d d e d   e t h y l   a c e t a t e   (50  m l ) ,   f o l l o w e d   by  w a s h i n g   t h e   m i x t u r e  

t h r e e   t i m e s   w i t h   i c e - w a t e r   ( e a c h   30  m l ) .   The  o r g a n i c  

s o l v e n t   p h a s e   was  s e p a r a t e d   o u t   of   t h e   m i x t u r e ,   d r i e d   o v e r  

a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  t h e n   c o n c e n t r a t e d   to  d r y n e s s  

u n d e r   r e d u c e d   p r e s s u r e .   The  s o l i d   r e s i d u e   o b t a i n e d   w a s  

p u r i f i e d   c h r o m a t o g r a p h i c a l l y   on  a  c o l u m n   of   s i l i c a   g e l  

( W a k o - g e l   C-300)   (20  g)  as  d e v e l o p e d   w i t h   b e n z e n e - e t h y l  

a c e t a t e   ( 5 :1 )   as  t h e   d e v e l o p m e n t   s o l v e n t .   7 - ( P h e n o x y a c e t -  

a m i d o ) - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   p i v a l o y l o x y m e t h y l   e s t e r   ( 0 . 4 0 5   g)  was  t h u s   o b t a i n e d .  

NMR,  6  ( C D C 1 3 )  :   1 . 1 5   (9H,  s ) ,   2 . 4 5   (3H,  s ) ,   3 . 1 7  

( lH,   d,  J=18  H z ) ,   3 . 50   (1H,  d,  J=18  H z ) ,   4 . 5 7   (2H,  s ) ,  



5 . 1 2   ( lH,   d,  J=5  H z ) ,   5 . 7 7   ( lH,   d,  J=5  H z ) ,   5 . 8 4   ( lH,  d ,  

J=5  H z ) ,   5 . 9 5   ( lH ,   dd,   J = 5  H z ,   9  H z ) ,   6 . 3 5   ( lH,   d,  J=12  H z ) ,  

6 . 6 4   ( lH,   d,  J=12  H z ) ,   6 . 8 - 7 . 5   (6H,  m),   8 . 6 2   ( lH,   s ) .  

(4)  7 - ( P h e n o x y a c e t a m i d o ) - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   p i v a l o y l o x y m e t h y l   e s t e r  

( 0 . 3 0 3   g)  was  d i s s o l v e d   in   m e t h y l e n e   c h l o r i d e   (3  m l ) .   T h e  

s o l u t i o n   o b t a i n e d   was  p o u r e d   i n t o   a  s o l u t i o n   (10  ml)  c o n t a i n -  

i n g   p h o s p h o r u s   p e n t a c h l o r i d e   ( 0 . 3 3 1   g)  and  p y r i d i n e   ( 0 . 4 3   g )  

in   m e t h y l e n e   c h l o r i d e   a t   - 3 0 ° C .   The  r e s u l t a n t   s o l u t i o n   w a s  

s t i r r e d   f o r   3  h o u r s   u n d e r   i c e - c o o l i n g   and  was  p o u r e d   i n t o  

m e t h a n o l   (20  ml)  as  c o o l e d   p r e v i o u s l y   to   - 3 0 ° C ,   f o l l o w e d  

by  s t i r r i n g   t h e   m i x t u r e   f o r   f u r t h e r   30  m i n u t e s   a t   a m b i e n t  

t e m p e r a t u r e .   The  r e a c t i o n   s o l u t i o n   o b t a i n e d   was  t h e n   p o u r e d  

i n t o   a  m i x t u r e   of  a q u e o u s   s a t u r a t e d   s o d i u m   c h l o r i d e   (50  m l )  

and  m e t h y l e n e   c h l o r i d e   (50  ml)  u n d e r   i c e - c o o l i n g ,   f o l l o w e d  

by  s t i r r i n g   f o r   1  h o u r   u n d e r   i c e - c o o l i n g .   The  o r g a n i c  

p h a s e   was  s e p a r a t e d   f r o m   t h e   a q u e o u s   p h a s e ,   and  t h e   a q u e o u s  

p h a s e   was  e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e   (20  m l ) .   T h e  

e x t r a c t   ( i n   m e t h y l e n e   c h l o r i d e )   was  c o m b i n e d   w i t h   s a i d  

o r g a n i c   p h a s e ,   and  t h e   r e s u l t a n t   m i x t u r e   was  w a s h e d   w i t h  

a q u e o u s   s a t u r a t e d   s o d i u m   b i c a r b o n a t e   s o l u t i o n .   The  w a s h e d  

o r g a n i c   p h a s e   was  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e  

and  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to  a  v o l u m e   o f  

5  ml.   7 - A m i n o - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   p i v a l o y l o x y m e t h y l   e s t e r   was  t h u s   o b t a i n e d  



as  i t s   s o l u t i o n   in   m e t h y l e n e   c h l o r i d e .  

E x a m p l e   1 

P r o d u c t i o n   of   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ]  

- 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   p i v a l o y l o x y m e t h y l  

e s t e r  

( T r i   d e n o t e s   t r i t y l   g r o u p . )  

7 - A m i n o - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   p i v a l o y l o x y m e t h y l   e s t e r   ( 0 . 2 2 9   g)  a s  

p r e p a r e d   in   R e f e r e n c e   E x a m p l e   1  as  a b o v e   was  d i s s o l v e d   i n  

m e t h y l e n e   c h l o r i d e   (5  m l ) .   The  r e s u l t a n t   s o l u t i o n   w a s  

a d m i x e d   w i t h   2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l ) - 2 - m e t h o x y i m i n o -  

a c e t i c   a c i d   ( s y n - i s o m e r )   ( 0 . 2 3 5   g)  and  m e t h y l e n e   c h l o r i d e  



(5  m l ) .   To  t h e   m i x t u r e   o b t a i n e d   w e r e   f u r t h e r   a d d e d   p y r i d i n e  

( 0 . 0 7   ml)  and  t h e n   d r o p w i s e   p h o s p h o r u s   o x y c h l o r i d e   ( 0 . 0 7   m l )  

a t   - 2 0 ° C .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   10  m i n u t e s  

a t   0°C  and  p o u r e d   i n t o   a  m i x t u r e   of   i c e - w a t e r   (50  ml)  a n d  

e t h y l   a c e t a t e   (50  m l ) .   A f t e r   s t i r r i n g ,   t h e   o r g a n i c   p h a s e  

was  s e p a r a t e d   f rom  t h e   a q u e o u s   p h a s e   and  w a s h e d   w i t h   i c e -  

w a t e r   and  t h e n   w i t h   i c e - c o o l e d   a q u e o u s   s a t u r a t e d   s o d i u m  

h y d r o g e n   c a r b o n a t e   s o l u t i o n .   The  o r g a n i c   p h a s e   was  d r i e d  

o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  c o n c e n t r a t e d   u n d e r  

r e d u c e d   p r e s s u r e .   The  r e s i d u e   was  p u r i f i e d  

c h r o m a t o g r a p h i c a l l y   on  a  c o l u m n   of   s i l i c a   g e l   (Wako  g e l  

C-300)   (20  g)  as  d e v e l o p e d   w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 5 : 1 )  

as  t h e   d e v e l o p m e n t   s o l v e n t .   7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 -  

t r i t y l a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l -  

5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )  

p i v a l o y l o x y m e t h y l   e s t e r   ( 0 . 1 8 4   g)  was  o b t a i n e d .  

NMR,  δ  ( C D C l 3 )  :   1 . 1 3   (9H,  s ) ,   2 . 4 3   (3H,  s ) ,   3 . 2 6  

( lH,   d,  J=18  H z ) ,   3 . 5 7   ( lH,   d,  J=18   H z ) ,   4 . 0 4   (3H,  s ) ,  

5 . 1 3   (1H,  d,  J=5  H z ) ,   5 . 7 6   ( lH,   d,  J=5  H z ) ,   5 . 8 2   ( lH,   d ,  

J=5  H z ) ,   5 . 9 5   ( lH,   dd ,   J=5  Hz,  9  H z ) ,   6 . 3 4   ( lH,   d,  J=12  H z ) ,  

6 . 6 4   (1H,  d,  J=12  H z ) ,   6 . 7 0   ( lH,   s ) ,   6 . 9 0   ( lH ,   d,  J=9  H z ) ,  

7 . 0 0   ( lH ,   b r o a d   s ) ,   7 . 1 - 7 . 5   (25H,  m),   8 . 59   ( lH ,   s ) .  

E x a m p l e   2 

P r o d u c t i o n   of   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l -  

4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  



4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r .  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r  

( 0 . 1 6 0   g)  was  d i s s o l v e d   in   a n i s o l e   ( 0 . 5   m l ) .   The  r e s u l t a n t  

s o l u t i o n   was  a d m i x e d   w i t h   t r i f l u o r o a c e t i c   a c i d   ( 1 .5   m l )  

u n d e r   i c e - c o o l i n g ,   f o l l o w e d   by  s t i r r i n g   f o r   30  m i n u t e s  

a g a i n   u n d e r   i c e - c o o l i n g .   The  r e a c t i o n   s o l u t i o n   was  m i x e d  

w i t h   i s o p r o p y l   e t h e r   (30  m l ) ,   and  t h e   p o w d e r   s u b s t a n c e  

d e p o s i t e d   was  r e c o v e r e d   by  f i l t r a t i o n   and  w a s h e d   w i t h  

i s o p r o p y l   e t h e r .   The  s o l i d   o b t a i n e d   was  d i s s o l v e d   in   e t h y l  

a c e t a t e   (20  m l ) ,   w a s h e d   w i t h   i c e - c o o l e d   a q u e o u s   s a t u r a t e d  

s o d i u m   h y d r o g e n   c a r b o n a t e   s o l u t i o n   (10  m l ) .   The  o r g a n i c  

p h a s e   was  s e p a r a t e d   f rom  t h e   a q u e o u s   p h a s e ,   d r i e d   o v e r  

a n h y d r o u s   s o d i u m   s u l f a t e   and  c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e .   7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r  

( 0 . 0 8 3   g)  was  t h u s   o b t a i n e d .  

NMR,  δ  ( C D C 1 3 )  :   1 . 1 4   (9H,  s ) ,   2 . 4 4   ( 3 H ,  s ) ,  

3 . 30   (1H,  d,  J=18  H z ) ,   3 . 4 7   ( lH,   d,  J = 1 8   H z ) ,   4 . 04   (3H,  s ) ,  

5 . 1 7   (1H,  d,  J=5  H z ) ,   5 . 2 7   (2H,  b ) ,   5 . 7 7   (1H,  d ,  J = 5   H z ) ,  

5 . 8 2   ( lH,   d,  J=5  H z ) ,   6 . 0 3   (1H,  dd ,   J=5  Hz,  9  H z ) ,  

6 . 3 5   (1H,  d,  J=12  H z ) ,   6 . 6 4   (1H,  d,  J=12  H z ) ,   6 . 88   (1H,  s ) ,  

7 . 35   (1H,  d,  J=9  H z ) ,   8 .59   ( lH,   s ) .  



E x a m p l e   3 

7 - A m i n o - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   b e n z h y d r y l   e s t e r   ( 0 . 2 2 3   g)  and  2 - ( 2 -  

t r i t y l a m i n o t h i a z o l - 4 - y l ) - 2 - m e t h o x y i m i n o a c e t i c   a c i d   ( 0 . 2 5 2   g)  

we re   r e a c t e d   w i t h   e a c h   o t h e r   and  t h e   r e a c t i o n   p r o d u c t  

was  p r o c e s s e d   in   t h e   same  m a n n e r   as  in   E x a m p l e   1,  to   o b t a i n  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l ) a c e t a m i d e ] -  

3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r )   b e n z h y d r y l   e s t e r   ( 0 . 2 1 5   g ) .  

NMR,  δ  ( C D C 1 3 )  :   2 . 3 5   (3H,  s ) ,   3 . 2 5   (1H,  d,  J=18  H z ) ,  

3 .45   ( lH,   d,  J=18  H z ) ,   4 . 0 5   (3H,  s ) ,   5 . 1 4   ( lH,   d,  J=5  H z ) ,  

5 . 9 8   ( lH,   dd,   J=5  Hz,  9  H z ) ,   6 . 2 7   ( lH,   d,  J=12  H z ) ,  

6 .45   ( lH,   d,  J=12  H z ) ,   6 . 7 2  ( 1 H ,   s ) ,   6 . 8 8   ( lH,   s ) ,  

6 . 99   ( lH,   b r o a d   s ) ,   7 . 1 0 - 7 . 5   (26H,  m),   8 . 5 4   ( lH,   s ) .  

E x a m p l e s   4 - 8  

The  f o l l o w i n g   c o m p o u n d s   w e r e   p r o d u c e d   in   t h e   s a m e  

m a n n e r   as  in   E x a m p l e   1 :  

E x a m p l e   4 

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - ( 2 - p h e n y l v i n y l ) - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r )   b e n z h y d r y l   e s t e r   ( y i e l d   6 8 % ) .  

NMR,  δ  ( C D C 1 3 )  :   3 . 2 5   (2H,  b r o a d   s ) ,   4 . 0 4   (3H,  s ) ,  

5 . 0 5   ( lH,   d,  J=5  H z ) ,   5 . 9 1   ( lH,   d,  J=5  H z ) ,   6 . 4 8   ( lH,   d ,  

J=12  H z ) ,   6 . 6 0   ( lH,   d,  J=12   H z ) ,   6 . 7 4   ( lH,   s ) ,   6 . 9 5   ( lH,   s ) ,  

7 . 0 - 7 . 5   (32H,  m ) .  



E x a m p l e   5 

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r )   b e n z h y d r y l   e s t e r   ( y i e l d   6 2 % ) .  

NMR,  δ  ( C D C 1 3 )  :   3 . 5 0   (2H,  b r o a d   s ) ,   4 . 0 7   (3H,  s ) ,  

5 . 1 1   ( (1H,   d,  J=5  H z ) ,   5 . 9 1   (1H,  dd ,   J=5  Hz,  9  H z ) ,  

6 . 1 - 6 . 4   (4H,  m),   6 . 7 6   (1H,  s ) ,   6 . 8 8   (1H,  s ) ,   7 . 00   ( 1 H ,  

b r o a d   s ) ,   7 . 1 - 7 . 6   (27H,  m ) .  

E x a m p l e   6 

7 - [ 2 - ( M e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 5 - n i t r o - 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   b e n z h y d r y l   e s t e r   ( y i e l d   7 5 % ) .  

NMR,  δ  ( C D C l 3 )  :   3 . 4 0   ( lH,   d,  J=18  H z ) ,  

3 . 6 3   (1H,  d,  J=18  H z ) ,   4 . 1 0   (3H,  s ) ,   5 . 3 2   (1H,  d,  J=5  H z ) ,  

6 . 0 5   ( lH ,   dd ,   J=5  Hz,  9  H z ) ,   6 . 1 9   ( lH,   d,  J=12  H z ) ,  

6 . 3 1   ( lH,   d,  J=4  H z ) ,   6 . 5 3   (1H,  d,  J=12  H z ) ,  

6 . 7 8   ( lH,   s ) ,   6 . 8 6   (1H,  s ) ,   7 . 0 0   (1H,  b r o a d   s ) ,  

7 . 1 3   ( lH,   d,  J=4  H z ) ,   7 . 1 5 - 7 . 5   (26H,  m ) .  

E x a m p l e   7 

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( o - f l u o r o p h e n y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r )   b e n z h y d r y l   e s t e r   ( y i e l d   7 1 % ) .  

NMR,  δ  ( C D C 1 3 )  :   3 . 2 3   (2H,  b r o a d   s ) ,   4 . 0 2   (3H,  s ) ,  

5 . 0 3   ( lH,   d,  J=5  H z ) ,   5 . 9 1   ( l H ,   dd ,   J=5  Hz,  9  H z ) ,  

6 . 5 7   ( lH,   d,  J=12   Hz ) ,   6 . 6 3   (1H,  d,  J=12   H z ) ,   6 . 7 2   (1H,  s ) ,  



6 . 9 3   ( lH,   s ) ,   6 . 9 5 - 7 . 5   (31H,  m ) .  

E x a m p l e   8 

7 - [ 2 - t - B u t o x y c a r b o n y l m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] -  

3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   b e n z h y d r y l   e s t e r  

( y i e l d   8 1 % ) .  

NMR,  δ  ( C D C 1 3 )  :   1 . 4 3   (9H,  s ) ,   2 . 3 6   (3H,  s ) ,  

3 . 25   (1H,  d,  J=18  H z ) ,   3 . 5 5   (1H,  d,  J=18  H z ) ,   4 . 7 5   (2H,  s ) ,  

5 . 1 4   ( lH,   d,  J=5  H z ) ,   5 . 9 4   ( lH,   dd,   J=5  Hz,  9  H z ) ,  

6 .27   ( lH,   d,  J=12  H z ) ,   6 . 4 5   ( lH,   d,  J=12  H z ) ,   6 . 8 0   ( lH,   s ) ,  

6 .86   ( lH,   s ) ,   6 . 99   ( lH,   b r o a d   s ) ,   7 . 1 - 7 . 5   (25H,  m ) ,  

8 . 5 3   ( lH,   s ) ,   8 . 56   ( lH,   d,  J=9  H z ) .  

E x a m p l e   9 

P r o d u c t i o n   of   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 -   [ 2 - ( 3 , 4 - d i m e t h y l - 5 - t h i a z o l i o ) v i n y l ] -  

3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   b e n z h y d r y l   e s t e r  

i o d i d e  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   b e n z h y d r y l   e s t e r   ( 0 . 1 6 4   mg)  was  d i s s o l v e d  

in  b e n z e n e   (5  m l ) ,   to   w h i c h   was  a d d e d   m e t h y l   i o d i d e   (1  m l ) .  

The  s o l u t i o n   so  o b t a i n e d   was  s t i r r e d   f o r   7  d a y s   so  t h a t   a  

p r e c i p i t a t e   was  d e p o s i t e d .   The  p r e c i p i t a t e   was  r e m o v e d  

by  f i l t r a t i o n ,   w a s h e d   w i t h   b e n z e n e   and  d r i e d   u n d e r   r e d u c e d  

p r e s s u r e ,   to  a f f o r d   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  



t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 3   , 4 - d i m e t h y l - 5 - t h i a z o l i o )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   b e n z h y d r y l  

e s t e r   i o d i d e   ( 0 . 1 2 2   m g ) .  

NMR, δ  ( C D C 1 3 )  :   2 . 3 0   (3H,  s ) ,   3 . 3 2   ( lH,   d,  J=18  H z ) ,  

3 .65   ( lH,   d,  J=18  H z ) ,   4 . 0 2   (3H,  s ) ,   4 . 0 6   (3H,  s ) ,  

5 . 4 2   ( lH,  d,  J=5  H z ) ,   5 . 9 2   ( lH,   dd ,   J=5  Hz,  9  H z ) ,  

6 .29   ( lH,   d,  J=12  Hz},   6 . 5 6   ( 1 H ,  d ,   J=12  H z ) ,   6 . 6 4   (1H,  s ) ,  

6 .89   (1H,  s ) ,   7 . 0 - 7 . 5   (27H,  m),   1 0 . 1 9   ( lH,   s ) .  

E x a m p l e   10  

P r o d u c t i o n   of   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l -  

4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   t r i f l u o r o a c e t a t e  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   b e n z h y d r y l   e s t e r   ( 0 . 1 1   g)  was  d i s s o l v e d   i n  

a n i s o l e   ( 0 . 3 3   mg) ,   to   w h i c h   was  a d d e d   t r i f l u o r o a c e t i c   a c i d  

( 1 . 1   ml)  u n d e r   i c e - c o o l i n g .   The  s o l u t i o n   so  o b t a i n e d   w a s  

s t i r r e d   f o r   1  h o u r   u n d e r   i c e - c o o l i n g   and  t h e   r e a c t i o n  

s o l u t i o n   was  a d m i x e d   w i t h   i s o p r o p y l   e t h e r   (30  ml)  t o  

d e p o s i t   a  p r e c i p i t a t e .   The  p r e c i p i t a t e   was  r e c o v e r e d   b y  

f i l t r a t i o n ,   w a s h e d   w i t h   i s o p r o p y l   e t h e r   and  d r i e d   u n d e r  

r e d u c e d   p r e s s u r e .   7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 -  

y l ) a c e t a m i d o l - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r )   t r i f l u o r o a c e t a t e   ( 0 . 0 6 7   g)  

was  o b t a i n e d .  



NMR,  δ  ( C D 3 S O C D 3 )  :   2 . 4 4   (3H,  s ) ,   3 .39   ( lH,   d,  J=18  H z ) ,  

3 .46   (1H,  d,  J=18  H z ) ,   3 . 8 4   (3H,  s ) ,   5 . 2 2   ( lH ,   d,  J=5  H z ) ,  

5 . 8 0   ( lH,   dd ,   J  =  5  Hz,  9  H z ) ,   6 . 3 6   ( lH,   d,  J=12  H z ) ,  

6 . 6 7   (1H,  d,  J=12   H z ) ,   6 . 7 6   (1H,  s ) ,   8 . 90   (1H,  s ) ,  

9 . 6 3   (1H,  d,  J=9  H z ) .  

E x a m p l e s   1 1 - 1 6  

The  f o l l o w i n g   c o m p o u n d s   w e r e   p r e p a r e d   in   t h e   s a m e  

m a n n e r   as  in   E x a m p l e   1 0 .  

S o d i u m   s a l t   of  t h e   c o m p o u n d s   of  E x a m p l e s   12  and  13  

g i v e n   b e l o w   w e r e   p r o d u c e d   by  p r e p a r i n g   t h e   t r i f l u o r o a c e t a t e  

of  t h e   c o r r e s p o n d i n g   c o m p o u n d s   in   t h e   same  m a n n e r   as  i n  

E x a m p l e   10,  d i s s o l v i n g   sa id   t r i f l u o r o a c e t a t e   in   an  a q u e o u s  

s o l u t i o n   of  2  m o l a r   e q u i v a l e n t s   of   s o d i u m   h y d r o g e n   c a r b o n a t e ,  

p u r i f y i n g   c h r o m a t o g r a p h i c a l l y   t h e   r e s u l t i n g   s o l u t i o n   on  a  

c o l u m n   of   D i a i o n   HP20  ( 1 0 0 - f o l d   v o l u m e )   as  e l u t e d   w i t h   w a t e r  

and  a q u e o u s   20%  a c e t o n e ,   and  f r e e z e - d r y i n g   t h e   e l u a t e  

c o n t a i n i n g   t h e   d e s i r e d   c o m p o u n d .  

E x a m p l e   1 1  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - ( 2 - p h e n y l v i n y l ) - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r  ,  

c i s - i s o m e r )   t r i f l u o r o a c e t a t e   ( y i e l d   7 9 % ) .  

NMR,  δ  ( C D 3 S O C D 3 )  :   3 . 1 7   ( lH,   d,  J=18  H z ) ,  

3 .42   ( lH,   d,  J=18  H z ) ,   3 . 8 2   (3H,  s ) ,   5 . 2 0   ( lH,   d,  J=5  H z ) ,  

5 . 7 6   ( lH,   dd,   J=5  Hz,  9  H z ) ,   6 . 5 2   (1H,  d,  J=12  H z ) ,  

6 .58   ( lH,   d,  J=12   H z ) ,   6 . 7 3   ( lH,   s ) ,   7 . 1 - 7 . 5   (5H,  m ) ,  



9 . 5 7   ( lH,   d,  J=9  H z ) .  

E x a m p l e   12  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,  

c i s - i s o m e r )   s o d i u m   s a l t   ( y i e l d   1 3 % ) .  

NMR,  δ  ( D 2 0 )  :   3 . 5 1   (1H,  d,  J=18  H z ) ,   3 . 72   (1H,  d ,  

J=18  H z ) ,   4 . 0 3   (3H,  s ) ,   5 . 3 9   ( lH ,   d,  J=5  H z ) ,   5 . 8 6   ( lH,   d ,  

J=5  H z ) ,   6 . 2 2   (1H,  d,  J=12  H z ) ,   6 . 4 4   ( lH,   d,  J=12  H z ) ,  

6 . 4 - 6 . 6   (2H,  m),  7 . 0 7   ( lH,   s ) ,   7 . 5 4   (1H,  d,  J=2  H z ) .  

E x a m p l e   13  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 5 - n i t r o - 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r )   s o d i u m   s a l t   ( y i e l d   5 3 % ) .  

NMR,  δ  ( D 2 0 )  :   3 . 5 7   (1H,  d,  J=18  H z ) ,   3 . 82   ( lH,   d ,  

J=18  H z ) ,   4 . 0 3   (3H,  s ) ,   5 . 3 4   (1H,  d,  J=5  H z ) ,   5 . 8 8   (1H,  d ,  

J=5  H z ) ,   6 . 7 6   ( lH,   d,  J=15  H z ) ,   6 . 79   ( lH,   d,  J=4  H z ) ,  

7 .05   ( lH,   s ) ,   7 . 46   ( lH,   d,  J=15  H z ) ,   7 . 60   ( lH,   d,  J=4  H z ) .  

E x a m p l e   14  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( o - f l u o r o p h e n y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n -  

isomer,   mixed  c i s -   and  t r a n s - i s o m e r s )   t r i f l u o r o a c e t a t e   (y ie ld   84%). 

NMR,  δ  (CD3SOCD3)  :   3 . 1 2   ( lH,   d,  J=18  H z ) ,  

3 . 3 3   (1H,  d,  J=18  H z ) ,   3 . 7 7   (3H,  s ) ,   5 . 0 7   (1H,  d,  J=5  H z ) ,  

5 . 6 5   (1H,  dd ,   J=5  Hz,  9  H z ) ,   6 . 4 7   (2H,  s ) ,   6 . 6 3   ( lH,   s ) ,  

6 . 9 - 7 . 5   (4H,  m),   9 . 4 2   (1H,  d,  J=9  H z ) .  



E x a m p l e   15  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 3 , 4 - d i m e t h y l - 5 - t h i a z o l i o ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r )   d i - t r i f l u o r o a c e t a t e   ( y i e l d   7 3 % ) .  

NMR,  6  ( C D 3 S O C D 3 )  :   2 . 4 2   (3H,  s ) ,   3 . 3 7   ( lH,   d ,  

J=18  H z ) ,   3 . 52   ( lH,   d,  J=18  H z ) ,   3 . 8 2   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,  

5 . 2 4   (d,  J=5  H z ) ,   5 . 8 0   (1H,  dd,   J=5  Hz,  9  H z ) ,   6 . 7 2   (3H,  s ) ,  

9 . 5 6   ( lH,   d,  J=9  H z ) ,   1 0 . 2 5   ( lH,   s ) .  

E x a m p l e   16 

7 - [ 2 - C a r b o x y m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   acid  ( s y n - i s o m e r , t r a n s - i s o m e r )   t r i f l u o r o a c e t a t e   (y ie ld   58%). 

NMR,  δ  (CD3SOCD3)  :   2 . 3 7   (3H,  s ) ,   3 . 3 6   ( lH,   d ,  

J=18  H z ) ,   3 . 5 1   ( lH,   d,  J=18  H z ) ,   4 . 6 2   (2H,  s ) ,   5 . 2 7   ( lH,   d ,  

J=5  H z ) ,   5 . 8 7   ( lH,   dd,   J=5  Hz,  9  H z ) ,   6 . 3 7   (1H,  d,  J=12  H z ) ,  

6 . 8 3   ( lH,   s ) ,   8 . 9 3   ( lH,   s ) ,   9 . 6 2   ( lH,   d,  J=9  H z ) .  

R e f e r e n c e   E x a m p l e   2 

P r o d u c t i o n   of   7 - a m i n o - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( t r a n s - i s o m e r )   p - m e t h o x y -  

b e n z y l   e s t e r  

(1)  p - M e t h o x y b e n z y l   7 - p h e n y l a c e t a m i d o - 3 - c h l o r o m e t h y l -  

3 - c e p h e m - 3 - c a r b o x y l a t e   ( 1 0 . 0 0   g,  2 0 . 5 2   mmol)  a n d  

t r i p h e n y l p h o s p h i n e   ( 5 . 6 5   g,  2 1 . 5   mmol)  w e r e  d i s s o l v e d   i n  

a c e t o n e   (200  m l ) ,   to   w h i c h   s o d i u m   i o d i d e   ( 3 . 2 3   g,  2 1 . 5   mmol)  

was  a d d e d   a t   a m b i e n t   t e m p e r a t u r e .   The  r e s u l t a n t   m i x t u r e  



was  s t i r r e d   f o r   2  h o u r s   and  c o n c e n t r a t e d   to   d r y n e s s   u n d e r  

r e d u c e d   p r e s s u r e .   To  t h e   s o l i d   r e s i d u e   w e r e   a d d e d   m e t h y l e n e  

c h l o r i d e   (100  m l ) ,   4 - m e t h y l t h i a z o l - 5 - y l - c a r b o a l d e h y d e  

( 2 6 . 0 7   g,  2 0 . 5   mmol)  and  a q u e o u s   s a t u r a t e d   s o d i u m  

h y d r o g e n   c a r b o n a t e   s o l u t i o n   (100  ml)  s u c c e s s i v e l y ,   f o l l o w e d  

by  s t i r r i n g   t h e   r e s u l t a n t   m i x t u r e   f o r   16  h o u r s   a t   a m b i e n t  

t e m p e r a t u r e .   The  m i x t u r e   o b t a i n e d   was  a l l o w e d   to  s t a n d  

u n t i l   i t   s e p a r a t e d   i n t o   t h e   a q u e o u s   p h a s e   and  o r g a n i c  

s o l v e n t   p h a s e .   The  o r g a n i c   p h a s e   was  s e p a r a t e d   f rom  t h e  

a q u e o u s   p h a s e ,   and  w a s h e d   w i t h   a q u e o u s   10%  s o d i u m   b i s u l f i t e  

s o l u t i o n   (250  ml)  and  t h e n   w i t h   a q u e o u s   s a t u r a t e d   s o d i u m  

c h l o r i d e   s o l u t i o n   (250  m l ) .   The  o r g a n i c   p h a s e   as  w a s h e d  

was  d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  t h e n   c o n c e n -  

t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   To  t h e   r e s i d u e  w a s  

a d d e d   m e t h a n o l   (200  ml)  to   d e p o s i t   a  p r e c i p i t a t e   w h i c h   w a s  

t h e n   f i l t e r e d   o u t ,   w a s h e d   w i t h   m e t h a n o l   and  d r i e d   u n d e r  

r e d u c e d   p r e s s u r e .   7 - P h e n y l a c e t a m i d o - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l -  

5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( t r a n s - i s o m e r )  

p - m e t h o x y b e n z y l   e s t e r   was  t h u s   o b t a i n e d   as  a  l i g h t   y e l l o w  

c o l o r e d   p o w d e r   ( y i e l d   1 . 2 0   g,  1 0 % ) .  

NMR,  6  ( C D C 1 3 )  :   2 . 4 0   (3H,  s ) ,   3 . 6 0   (2H,  b r o a d   s ) ,  

3 . 62   (2H,  s ) ,   3 . 7 8   (3H,  s ) ,   4 . 9 3   ( lH,   d,  J=5  H z ) ,  

5 . 2 0   (2H,  s ) ,   5 . 79   (dd ,   J=5  Hz,  9  H z ) ,   6 . 6 - 6 . 9   (4H,  m ) ,  

7 . 0 - 7 . 4   (8H,  m),   8 . 5 1   ( lH,   s ) .  

(2)  p - M e t h o x y b e n z y l   7 - p h e n y l a c e t a m i d o - 3 - [ 2 - ( 4 -  



m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( t r a n s -  

i s o m e r )   ( 0 . 7 2 0   g,  1 . 2 8   mmol)  was  d i s s o l v e d   in   m e t h y l e n e  

c h l o r i d e   (3  m l ) .   The  r e s u l t a n t   s o l u t i o n   was  p o u r e d   i n t o  

a  s o l u t i o n   of   p h o s p h o r u s   p e n t a c h l o r i d e   ( 0 . 8 0 0   g,  3 . 8 4   mmol )  

and  p y r i d i n e   ( 1 . 0 4   ml,   1 2 . 8   mmol)  in   m e t h y l e n e   c h l o r i d e  

(20  ml)  a t   - 3 0 ° C .   The  r e s u l t a n t   s o l u t i o n   was  s t i r r e d   f o r  

3  h o u r s   u n d e r   i c e - c o o l i n g   and  p o u r e d   i n t o   m e t h a n o l   (20  m l )  

as  p r e - c o o l e d . t o   - 3 0 ° C ,   f o l l o w e d   by  s t i r r i n g   t h e   m i x t u r e  

f o r   1  h o u r   a t   a m b i e n t   t e m p e r a t u r e .   The  r e a c t i o n   s o l u t i o n  

o b t a i n e d   was  p o u r e d   i n t o   a  m i x t u r e   of   a q u e o u s   s a t u r a t e d  

s o d i u m   c h l o r i d e   s o l u t i o n   (20  ml)  and  m e t h y l e n e   c h l o r i d e  

(20  m l ) ,   and  t h e   r e s u l t i n g   m i x t u r e   was  s t i r r e d   f o r   1  h o u r .  

The  m i x t u r e   was  a l l o w e d   to  s t a n d   u n t i l   i t   s e p a r a t e d   i n t o  

t h e   a q u e o u s   p h a s e   and  o r g a n i c   s o l v e n t   p h a s e .   The  a q u e o u s  

p h a s e   s e p a r a t e d   o u t   was  e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e  

(20  ml)  and  t h e   m e t h y l e n e   c h l o r i d e   e x t r a c t   was  c o m b i n e d  

w i t h   t h e   o r g a n i c   p h a s e   m e n t i o n e d   a b o v e .   The  c o m b i n e d  

o r g a n i c   p h a s e   was  w a s h e d   w i t h   a q u e o u s   s a t u r a t e d   s o d i u m  

h y d r o g e n   c a r b o n a t e   s o l u t i o n ,   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e   and  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   T h e  

r e s i d u e   o b t a i n e d   was  p u r i f i e d   c h r o m a t o g r a p h i c a l l y   on  a  

c o l u m n   of   s i l i c a   g e l   (Wako  g e l   C-300)   (20  g)  as  d e v e l o p e d  

w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 3 : 1 )   as  t h e   d e v e l o p m e n t   s o l v e n t .  

The  t i t l e d   c o m p o u n d ,   7 - a m i n o - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( t r a n s - i s o m e r )   p - m e t h o x y -  



b e n z y l   e s t e r   ( 0 . 4 4 3   g,  78%)  was  o b t a i n e d .  

NMR,  δ  ( C D C 1 3 )  :   1 . 8 3   ( lH,   b r o a d   s ) ,   2 . 4 6   ( lH,   s ) ,  

3 . 6 3   ( lH,   d,  J=18  H z ) ,   3 . 7 1   ( lH,   d,  J=18   H z ) ,   3 . 7 7   (3H,  s ) ,  

4 . 7 2   (1H,  d,  J=5  H z ) ,   4 . 9 4   (1H,  d,  J=5  H z ) ,   5 . 2 3   (2H,  s ) ,  

6 . 8 5   (1H,  d,  J=16  H z ) ,   6 . 8 - 6 . 9   (2H,  m),   7 . 2 2   ( lH,   d,  J=16  H z ) ,  

7 . 3 - 7 . 4   (2H,  m),   8 . 52   (1H,  s ) .  

E x a m p l e   17  

P r o d u c t i o n   of  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] -  

3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   p - m e t h o x y b e n z y l   e s t e r   ( s y n - i s o m e r ,  

t r a n s - i s o m e r )  

p - M e t h o x y b e n z y l   7 - a m i n o - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( t r a n s - i s o m e r )   as  p r e p a r e d  

by  t h e   m e t h o d   of   R e f e r e n c e   E x a m p l e   2  as  a b o v e   and  2 - ( t r i t y l -  

a m i n o t h i a z o l - 4 - y l ) - 2 - m e t h o x y i m i n o a c e t i c   a c i d   ( s y n - i s o m e r )  

w e r e   r e a c t e d   w i t h   e a c h   o t h e r   and  t h e   r e a c t i o n   p r o d u c t   w a s  

p r o c e s s e d   in   t h e   same  m a n n e r   as  in   E x a m p l e   1  to   g i v e   t h e  

t i t l e d   c o m p o u n d   in   a  y i e l d   of  72%.  

NMR,  δ  ( C D C 1 3 )  :   2 . 4 2   (3H,  s ) ,   3 . 5 7   ( lH,   d,  J=18  H z ) ,  

3 .67   ( lH,   d,  J=18  H z ) ,   3 . 7 3   (3H,  s ) ,   4 . 0 2   (3H,  s ) ,  

5 . 0 1   (1H,  d,  J=5  H z ) ,   5 . 1 7   (2H,  s ) ,   5 . 8 4   ( lH,   dd,   J=5  H z ,  

9  H z ) ,   6 . 6 3   ( lH,   s ) ,   6 . 8 3   (1H,  d,  J=16  H z ) ,   6 . 8 - 7 . 5   (20H,  m ) ,  

8 .49   (1H,  s ) .  

E x a m p l e   18 

P r o d u c t i o n   of  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l -  



4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   s o d i u m   s a l t   ( s y n - i s o m e r ,   t r a n s - i s o m e r )  

p - M e t h o x y b e n z y l   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l -  

a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( s y n - i s o m e r ,   t r a n s - i s o m e r )  

was  t r e a t e d   w i t h   t r i f l u o r o a c e t i c   a c i d   and  p r o c e s s e d   in   t h e  

same  m a n n e r   as  i n   E x a m p l e   10  to   g i v e   a  t r i f l u o r o a c e t a t e   o f  

t h e   t i t l e d   c o m p o u n d   (as  t h e   c a r b o x y l i c   a c i d ) .   T h i s   t r i -  

f l u o r o a c e t a t e   o b t a i n e d   was  d i s s o l v e d   in   a q u e o u s   s o d i u m  

h y d r o g e n   c a r b o n a t e   s o l u t i o n   f o r   n e u t r a l i z a t i o n   and  t h e n  

p u r i f i e d   c h r o m a t o g r a p h i c a l l y   on  a  c o l u m n   of   D i a i o n   HP20  

(100  f o l d - v o l u m e )   as  e l u t e d   w i t h   w a t e r   and  a q u e o u s   20% 

a c e t o n e .   The  e l u a t e   c o n t a i n i n g   t h e   t i t l e d   c o m p o u n d   w a s  

l y o p h i l i z e d   to   a f f o r d   t h e   t i t l e d   c o m p o u n d   in   a  y i e l d   o f  

82%. 

NMR,  6  ( D 2 0 )  :   2 . 5 0   (3H,  s ) ,   3 . 8 6   (2H,  b r o a d   s ) ,  

4 .06   (3H,  s ) ,   5 . 3 4   ( lH,   d,  J=5  H z ) ,   5 . 8 7   ( lH,   d,  J=5  H z ) ,  

6 .97   (1H,  d,  J=16  H z ) ,   7 . 0 6   ( lH,   d,  J=16   H z ) ,   7 . 0 8   (1H,  s ) ,  

8 .77   (1H,  s ) .  

E x a m p l e   19 

P r o d u c t i o n   of   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l -  

4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   p i v a l o y l o x y m e t h y l   e s t e r   ( s y n - i s o m e r ,  

t r a n s - i s o m e r ) .  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  



3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   s o d i u m   s a l t   ( s y n - i s o m e r ,   t r a n s - i s o m e r )   ( 0 . 0 3 0   g ,  

0 . 0 6   mmol)  was  d i s s o l v e d   in   d i m e t h y l f o r m a m i d e   (3  m l ) .   T o  

t h e   r e s u l t a n t   s o l u t i o n   was  a d d e d   a  s o l u t i o n   in   d i m e t h y l -  

f o r m a m i d e   (1  ml)  of  i o d o m e t h y l   p i v a l a t e   (as  p r e p a r e d   b y  

r e a c t i n g   c h l o r o m e t h y l   p i v a l a t e   ( 0 . 0 9 0   g,  0 . 60   mmol)  w i t h  

s o d i u m   i o d i d e   ( 0 . 0 9 0   g,  0 . 6 0   mmol)  in   a c e t o n e )   u n d e r   i c e -  

c o o l i n g ,   f o l l o w e d   by  s t i r r i n g   t h e   r e s u l t a n t   m i x t u r e   f o r  

10  m i n u t e s .   The  r e a c t i o n   s o l u t i o n   as  o b t a i n e d   we re   a d m i x e d  

w i t h   i c e - w a t e r   (20  ml)  and  e t h y l   a c e t a t e   (20  m l ) ,   s t i r r e d  

t h o r o u g h l y   and  t h e n   a l l o w e d   to  s t a n d   u n t i l   t h e   m i x t u r e  

s e p a r a t e d   i n t o   a q u e o u s   p h a s e   and  o r g a n i c   p h a s e .   T h e  

o r g a n i c   p h a s e   was  s e p a r a t e d   f rom  t h e   a q u e o u s   p h a s e   a n d  

w a s h e d   t w i c e   w i t h   w a t e r   (10  ml)  and  t h e n   w i t h   a q u e o u s  

s a t u r a t e d   NaCl   s o l u t i o n   (10  m l ) .   The  o r g a n i c   p h a s e   a s  

w a s h e d   was  s u b s e q u e n t l y   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e   and  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   T h e  

r e s i d u e   was  p u r i f i e d   c h r o m a t o g r a p h i c a l l y   on  a  c o l u m n   o f  

s i l i c a - g e l   ( W a k o - g e l   C-300)   (5  g)  as  d e v e l o p e d   w i t h   e t h y l  

a c e t a t e .   The  t i t l e d  c o m p o u n d   was  t h u s   o b t a i n e d   ( y i e l d  

0 . 0 2 5   g,  6 7 % ) .  

NMR,  6  ( C D C 1 3 )  :   1 . 2 1   (9H,  s ) ,   2 . 48   (3H,  s ) ,  

3 . 6 8   ( lH,   d,  J=18  H z ) ,   3 . 7 8   ( lH,   d,  J=18  H z ) ,  

4 . 0 4   (3H,  s ) ,   5 . 1 2   ( lH,   d,  J=5  H z ) ,   5 . 8 9   (2H,  s ) ,  

5 . 9 7   ( lH,   dd,   J=5  Hz,  9  H z ) ,   6 . 8 6   (1H,  s ) ,   6 . 98   ( lH,   d ,  



J=16  H z ) ,   7 . 3 3   ( lH,   d,  J=16  H z ) ,   7 . 5 2   ( lH,   d,  J=9  H z ) ,  

8 .57   ( lH,   s ) .  

R e f e r e n c e   E x a m p l e   3 

P r o d u c t i o n   of  4 - c h l o r o - t h i a z o l - 5 - y l - c a r b o a l d e h y d e  

of  t h e   f o r m u l a  

P h o s p h o r u s   o x y c h l o r i d e   ( 1 2 2 . 7   g)  was  a d d e d   d r o p w i s e  

to  d i m e t h y l f o r m a m i d e   ( 7 3 . 1   g)  u n d e r   i c e - c o o l i n g ,   and  t h e  

m i x t u r e   o b t a i n e d   was  s t i r r e d   f o r   30  m i n u t e s   ( f o r   p r e p a r a t i o n  

of  V i l s m e i e r   r e a g e n t ) .   The  m i x t u r e   was  t h e n   a d m i x e d   w i t h  

t h i a z o l i n e - 2 , 4 - d i o n e  ( 2 3 . 4   g ) ,   f o l l o w e d   b y  

h e a t i n g   a t   100°C  f o r   3  h o u r s .   The  r e a c t i o n   s o l u t i o n   w a s  

c o o l e d   to  a m b i e n t   t e m p e r a t u r e ,   p o u r e d   o n t o   i c e   (200  g ) ,  

n e u t r a l i z e d   by  a d d i t i o n   of   s o d i u m   a c e t a t e   and  t h e n   e x t r a c t e d  

4  t i m e s   w i t h   200  m l - p o r t i o n s   of   m e t h y l e n e   c h l o r i d e .   T h e  

r e s u l t a n t   e x t r a c t   in   m e t h y l e n e   c h l o r i d e   was  w a s h e d   w i t h   a  

s m a l l   v o l u m e   of  s a t u r a t e d   a q u e o u s   s o d i u m   h y d r o g e n   c a r b o n a t e  

s o l u t i o n ,   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  c o n -  

c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e   o b t a i n e d  

was  p u r i f i e d   c h r o m a t o g r a p h i c a l l y   on  a  c o l u m n   of  s i l i c a   g e l  

as  d e v e l o p e d   w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 1 0 : 1 )   as  e l u e n t .  

The  t i t l e d   c o m p o u n d   ( 1 . 1 0   g)  was  o b t a i n e d   as  l i g h t   y e l l o w  

c o l o r e d   c r y s t a l s .  

NMR,  6  ( C D C 1 3 )  :   8 . 9 3   ( lH,   d,  J = l   H z ) ,   1 0 . 0 3   ( lH,   d ,  



J = l   H z )  .  

MS  ( m / e )  :   148  (M+  +  1) 

R e f e r e n c e   E x a m p l e   4 

P r o d u c t i o n   of  2 , 4 - d i c h l o r o - t h i a z o l - 5 - y l - c a r b o a l d e h y d e  

of  t h e   f o r m u l a  

To  a  s o l u t i o n   of  d i m e t h y l f o r m a m i d e   ( 7 3 . 1   g)  i n  

d i c h l o r o e t h y l e n e   (200  ml)  was  a d d e d   d r o p w i s e   p h o s p h o r u s  

o x y c h l o r i d e   ( 1 2 2 . 7   g)  u n d e r   i c e - c o o l i n g ,   f o l l o w e d   b y  

s t i r r i n g   f o r   30  m i n u t e s   ( f o r   p r e p a r a t i o n   of  V i l s m e i e r  

r e a g e n t ) .   The  r e s u l t a n t   s o l u t i o n   was  a d m i x e d   w i t h  

t h i a z o l i n - 2 , 4 - d i o n e   ( 2 3 . 4   g)  and  h e a t e d   f o r   1  h o u r   u n d e r  

r e f l u x i n g .   The  r e a c t i o n   s o l u t i o n   o b t a i n e d   was  c o o l e d   t o  

a m b i e n t   t e m p e r a t u r e ,   p o u r e d   o n t o   i c e   (200  g ) ,   n e u t r a l i z e d  

by  a d d i t i o n   of   s o d i u m   a c e t a t e   and  t h e n   e x t r a c t e d   3  t i m e s  

w i t h   200  m l - p o r t i o n s   of   m e t h y l e n e   c h l o r i d e .   The  r e s u l t a n t  

e x t r a c t   in  m e t h y l e n e   c h l o r i d e   was  w a s h e d   w i t h   a  s m a l l  

v o l u m e   of  s a t u r a t e d   a q u e o u s   s o d i u m   h y d r o g e n   c a r b o n a t e ,  

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e ,   and  t h e n   c o n c e n -  

t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e   o b t a i n e d   w a s  

p u r i f i e d   c h r o m a t o g r a p h i c a l l y   on  a  c o l u m n   of   s i l i c a - g e l   a s  

d e v e l o p e d   w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 1 0 : 1 )   as  e l u e n t .  

4 - C h l o r o - t h i a z o l - 5 - y l - c a r b o a l d e h y d e   ( 0 . 3 4   g)  was  a f f o r d e d ,  

and  t h e   t i t l e d   c o m p o u n d   ( 2 . 0 5   g)  was  a l s o   o b t a i n e d   a s  

l i g h t   y e l l o w   c o l o r e d   c r y s t a l s .  



NMR,  6  ( C D C 1 3 )  :   9 . 9 0   ( lH,   s )  

MS  ( m / e )  :   182  (M+ +  1) 

R e f e r e n c e   E x a m p l e   5 

P r o d u c t i o n   of   7 - p h e n y l a c e t a m i d o - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l -  

5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( c i s - i s o m e r )   p - m e t h o x y -  

b e n z y l   e s t e r .  

p - M e t h o x y b e n z y l   7 - p h e n y l a c e t a m i d o - 3 - c h l o r o m e t h y l - 3 -  

c e p h e m - 4 - c a r b o x y l a t e   ( 3 . 2 6 5   g,  6 . 7 1   mmol)  and  t r i p h e n y l -  

p h o s p h i n e   ( 1 . 8 5 9   g,  7 . 0 5   mmol)  w e r e   d i s s o l v e d   in   d i m e t h y l -  

f o r m a m i d e  ( 2 0   m l ) .   The  r e s u l t a n t   s o l u t i o n   was  a d m i x e d   w i t h  

s o d i u m   i o d i d e   ( 1 . 0 5 6   g,  7 . 0 5   mmol)  a t   a m b i e n t   t e m p e r a t u r e  

and  s t i r r e d   f o r   2  h o u r s .   The  r e a c t i o n   s o l u t i o n   o b t a i n e d  

was  c o n c e n t r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e ,   and  t h e  

r e s i d u e   was  t a k e n   up  i n t o   m e t h y l e n e   c h l o r i d e   (10  m l ) .   To  

t he   r e s u l t a n t   s o l u t i o n   in   m e t h y l e n e   c h l o r i d e   w e r e   a d d e d  

4 - c h l o r o - t h i a z o l - 5 - y l - c a r b o a l d e h y d e   ( 1 . 1 0 0   g)  w h i c h   w a s  

o b t a i n e d   in   R e f e r e n c e   E x a m p l e   3  d e s c r i b e d   h e r e i n b e f o r e ,  

and  t h e n   s a t u r a t e d   a q u e o u s   s o d i u m   h y d r o g e n   c a r b o n a t e   (10  m l ) .  

The  m i x t u r e   o b t a i n e d   was  s t i r r e d   f o r   6  h o u r s   a t   a m b i e n t  

t e m p e r a t u r e   and  t h e n   was  l e f t   u n t i l   i t   s e p a r a t e d   i n t o   t h e  

a q u e o u s   p h a s e   and  o r g a n i c   p h a s e .   The  a q u e o u s   p h a s e   a s  

s e p a r a t e d   was  e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e   (10  m l ) .  

The  e x t r a c t   in   m e t h y l e n e   c h l o r i d e   and  t h e   o r g a n i c   s o l v e n t  

p h a s e   w e r e   c o m b i n e d   t o g e t h e r ,   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e   and  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   T h e  



r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  f l a s h - c o l u m n   c h r o m a t o -  

g r a p h y   on  a  c o l u m n   of  s i l i c a - g e l   ( W a k o - g e l   C-300)   a s  

d e v e l o p e d   w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 5 : 1 )   as  e l u e n t  

s o l v e n t .   The  t i t l e d   c o m p o u n d   was  o b t a i n e d   ( y i e l d   2 . 8 9 1   g ,  

7 4 % ) .  

NMR,  δ  ( C D C 1 3 )  :   3 . 1 5   ( lH,   d,  J=18  H z ) ,   3 . 4 2   ( l H ,  

d=18  H z ) ,   3 . 6 1   (2H,  s ) ,   3 . 7 4   (3H,  s ) ,   5 . 0 0   ( lH,   d,  J=5  H z ) ,  

5 . 0 6   (2H,  s ) ,   5 . 8 4   ( lH,   dd ,   J=5  Hz,  9  H z ) ,   6 . 1 4   ( lH,   d ,  

J=9  H z ) ,   6 . 27   (1H,  d,  J=12  H z ) ,   6 . 5 6   ( lH,   d,  J=12  H z ) ,  

6 . 7 - 6 . 7 5   (2H,  m),  7 . 0 5 - 7 . 4   (7H,  m),  8 . 5 0   ( lH,   s ) .  

R e f e r e n c e   E x a m p l e   6 

P r o d u c t i o n   of  7 - a m i n o - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( c i s - i s o m e r )   p - m e t h y o x y -  

b e n z y l   e s t e r .  

p - M e t h o x y b e n z y l   7 - p h e n y l a c e t a m i d o - 3 - [ 2 - ( 4 - c h l o r o -  

t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( c i s - i s o m e r )  

( 2 . 4 5 2   g,  4 . 2 1   mmol)  as  p r e p a r e d   in   t h e   a b o v e   R e f e r e n c e  

E x a m p l e   5  was  d i s s o l v e d   in   m e t h y l e n e   c h l o r i d e   (10  m l ) .  

The  r e s u l t a n t   s o l u t i o n   was  p o u r e d   i n t o   a  s o l u t i o n   o f  

p h o s p h o r u s   p e n t a c h l o r i d e   ( 2 . 6 3 0   g,  1 2 . 6 3   mmol)  and  p y r i d i n e  

(3 .4   ml,   42  mmol)  in   m e t h y l e n e   c h l o r i d e   (40  ml)  a t   - 3 0 ° C  

u n d e r   c o o l i n g .   The  r e a c t i o n   s o l u t i o n   o b t a i n e d   was  s t i r r e d  

f o r   3  h o u r s   u n d e r   i c e - c o o l i n g   and  p o u r e d   i n t o   m e t h a n o l  

(40  ml)  as  p r e - c o o l e d   to  - 3 0 ° C ,   f o l l o w e d   by  s t i r r i n g   t h e  

r e s u l t a n t   m i x t u r e   f o r   1  h o u r   a t   a m b i e n t   t e m p e r a t u r e .   T h e  



m i x t u r e   was  t h e n   a d d e d   i n t o   a  m i x t u r e   of  s a t u r a t e d   a q u e o u s  

s o d i u m   c h l o r i d e   (100  ml)  and  m e t h y l e n e   c h l o r i d e   (100  m l )  

and  s t i r r e d   f o r   1  h o u r .   The  m i x t u r e   o b t a i n e d   was  l e f t  

u n t i l   i t   s e p a r a t e d   i n t o   t h e   a q u e o u s   p h a s e   and  o r g a n i c  

s o l v e n t   p h a s e .   The  a q u e o u s   p h a s e   was  s e p a r a t e d   a n d  

e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e   (50  m l ) .   The  e x t r a c t  

in  m e t h y l e n e  c h l o r i d e   was  a d d e d   to   t h e   a b o v e   o r g a n i c  

s o l v e n t   p h a s e . ,   w h i c h   was  t h e n   w a s h e d   w i t h  

s a t u r a t e d   a q u e o u s   s o d i u m   h y d r o g e n   c a r b o n a t e ,   d r i e d   o v e r  

a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e .   The  r e s i d u e   o b t a i n e d   was  p u r i f i e d   by  f l a s h -  

c o l u m n   c h r o m a t o g r a p h y   on  a  c o l u m n   of  s i l i c a - g e l   ( W a k o - g e l  

C-300)   as  d e v e l o p e d   w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 3 : 1 )   a s  

e l u e n t .   The  t i t l e d   c o m p o u n d   was  o b t a i n e d   ( y i e l d   1 . 5 4 3   g ,  

7 9 % ) .  

NMR,  δ  ( C D C 1 3 )  :   1 . 7 5   (2H,  b r o a d   s ) ,   3 . 2 0   ( lH,   d ,  

J=18  H z ) ,   3 . 4 4   ( lH,   d,  J=18  H z ) ,   3 . 7 5   (3H,  s ) ,  

4 . 7 7   ( lH,   d,  J=5  H z ) ,   4 . 9 7   ( lH,   d,  J=5  H z ) ,   5 . 0 8   (2H,  s ) ,  

6 . 3 1   (1H,  d,  J=12   H z ) ,   6 . 5 3   (1H,  d,  J=12   H z ) ,   6 . 7 - 6 . 8 5  

(2H,  m),  7 . 1 - 7 . 2 5   (2H,  m),   8 . 5 0   ( lH,   s ) .  

R e f e r e n c e   E x a m p l e   7 

P r o d u c t i o n   of  7 - p h e n y l a c e t a m i d o - 3 - [ 2 - ( 2 , 4 - d i c h l o r o -  

t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( c i s - i s o m e r )  

p - m e t h o x y b e n z y l   e s t e r  

p - M e t h o x y b e n z y l   7 - p h e n y l a c e t a m i d o - 3 - c h l o r o m e t h y l - 3 -  



c e p h e m - 4 - c a r b o x y l a t e   was  r e a c t e d   w i t h   2 , 4 - d i c h l o r o - t h i a z o l -  

5 - y l - c a r b o a l d e h y d e   as  o b t a i n e d   in   t h e   R e f e r e n c e   E x a m p l e   4 ,  

in   t h e   same  m a n n e r   as  in   t h e   R e f e r e n c e   E x a m p l e   5.  T h e  

t i t l e d   c o m p o u n d   was  p r o d u c e d   in   a  y i e l d   of  78%.  

NMR,  δ  ( C D C 1 3 )  :   3 . 19   ( lH ,   d,  J=18  H z ) ,   3 . 40   ( lH,   d ,  

J=18  H z ) ,   5 . 0 1   ( lH,   d,  J=5  H z ) ,   5 . 0 9   (2H,  s ) ,   5 . 8 8   ( lH,   d d ,  

J=5  Hz,  9  H z ) ,   6 . 1 0   ( lH,   d,  J=9  H z ) ,   6 . 2 2   ( lH,   d,  J=12  H z ) ,  

6 .46   ( lH,   d,  J=12  H z ) ,   7 . 7 - 7 . 8 5   (2H,  m),  7 . 1 - 7 . 4 5   (7H,  m ) .  

R e f e r e n c e   E x a m p l e   8 

P r o d u c t i o n   of  7 - a m i n o - 3 - [ 2 - ( 2 , 4 - d i c h l o r o t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( c i s - i s o m e r )   p - m e t h o x y -  

b e n z y l   e s t e r  

p - M e t h o x y b e n z y l   7 - p h e n y l a c e t a m i d o - 3 - [ 2 - ( 2 , 4 - d i c h l o r o -  

t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( c i s - i s o m e r )  

was  t r e a t e d   w i t h   p h o s p h o r u s   p e n t a c h l o r i d e   and  p y r i d i n e   i n  

t h e   same  m a n n e r   as  in   t h e   R e f e r e n c e   E x a m p l e   6  to   a f f o r d  

t h e   t i t l e d   c o m p o u n d   in   a  y i e l d   of  7 3 % .  

NMR,  δ  ( C D C 1 3 )  :   1 . 8 0   (2H,  b r o a d   s ) ,   3 . 20   ( lH,   d ,  

J=18  H z ) ,   3 . 4 2   ( lH,   d,  J=18  Hz ) ,   3 . 75   (3H,  s ) ,   4 .79   ( l H ,  

d,  J=5  H z ) ,   4 . 9 8   ( lH,   d,  J=5  H z ) ,   5 . 1 0   (2H,  s ) ,   6 . 26   ( l H ,  

d,  J=12  H z ) ,   6 . 4 4   ( lH,   d,  J=12  H z ) ,   7 . 7 - 7 . 8 5   (2H,  m ) ,  

7 . 1 - 7 . 4   (7H,  m ) .  

E x a m p l e   20  

P r o d u c t i o n   of  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] -  



3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )  

p - m e t h o x y b e n z y l   e s t e r .  

p - M e t h o x y b e n z y l   7 - a m i n o - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l a t e   ( c i s - i s o m e r )   ( 1 . 2 0 5   g,  2 . 6 0  

mmol)  and  2 - ( 2 - t r i t y l a m i n o t h i a z o l ) - 2 - m e t h o x y i m i n o - a c e t i c  

a c i d   ' ( s y n - i s o m e r )   ( 1 . 1 5 3   g,  2 . 6 0   mmol)  w e r e   d i s s o l v e d   i n  

m e t h y l e n e   c h l o r i d e   (30  m l ) ,   to   w h i c h   were   a d d e d   p y r i d i n e  

( 0 . 8 4   ml ,   1 0 . 4   mmol)  and  t h e n   p h o s p h o r u s   o x y c h l o r i d e  

( 0 . 3 3   ml,   3 . 6 4   mmol)  a t   - 2 0 ° C   u n d e r   c o o l i n g .   The  r e a c t i o n  

s o l u t i o n   was  s t i r r e d   f o r   20  m i n u t e s   a t   0°C  and  p o u r e d  

i n t o   a  m i x t u r e   of  i c e - w a t e r   (100  ml)  and  e t h y l   a c e t a t e  

(100  m l ) ,   f o l l o w e d   by  s t i r r i n g .   The  m i x t u r e   o b t a i n e d   w a s  

a l l o w e d   to  s t a n d   u n t i l   i t   s e p a r a t e d   i n t o   t h e   a q u e o u s   p h a s e  

and  o r g a n i c   p h a s e .   The  o r g a n i c   p h a s e   was  s e p a r a t e d   f r o m  

t h e   a q u e o u s   p h a s e ,   w a s h e d   w i t h   s a t u r a t e d   a q u e o u s   s o d i u m  

h y d r o g e n   c a r b o n a t e ,   d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e  

and  t h e n   c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e  

o b t a i n e d   was  p u r i f i e d   by  f l a s h - c o l u m n   c h r o m a t o g r a p h y   on  a  

c o l u m n   of   s i l i c a - g e l   ( W a k o - g e l   C - 3 0 0 )   (50  g)  as  d e v e l o p e d  

w i t h   b e n z e n e - e t h y l   a c e t a t e   ( 5 : 1 )   as  e l u e n t .   The  t i t l e d  

c o m p o u n d   was  o b t a i n e d   ( y i e l d   1 . 6 6 5   g,  7 2 % ) .  

NMR,  δ  ( C D C 1 3 )  :   3 . 20   (1H,  d,  J=18  H z ) ,   3 . 44   ( l H ,  

d,  J=18  H z ) ,   3 . 76   (3H,  s ) ,   4 . 0 3   (3H,  s ) ,   5 . 0 7   (2H,  s ) ,  

5 . 0 8   (1H,  d,  J=5  H z ) ,   5 . 9 4   ( lH,   dd,   J=5  Hz,  9  H z ) ,  

6 . 3 3   ( lH,   d,  J=12  H z ) ,   6 . 59   ( lH,   d,  J=12  H z ) ,  



6 . 7 - 7 . 4   (22H,  m),  8 . 50   (1H,  s ) .  

E x a m p l e   2 1  

P r o d u c t i o n   of   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l -  

4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   s o d i u m   s a l t .  

p - M e t h o x y b e n z y l   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] -  

3 - c e p h e m - 4 - c a r b o x y l a t e   ( s y n - i s o m e r ,   c i s - i s o m e r )   ( 0 . 8 5 6   g ,  

0 . 9 6 2   mmol)  was  d i s s o l v e d   in   a n i s o l e   (2  m l ) ,   to  w h i c h   w a s  

a d d e d   d r o p w i s e   t r i f l u o r o a c e t i c   a c i d   (8  ml)  u n d e r   i c e - c o o l i n g .  

The  m i x t u r e   o b t a i n e d   was  s t i r r e d   f o r   1  h o u r   u n d e r   i c e - c o o l i n g  

and  t h e n   a d m i x e d   w i t h   i s o p r o p y l   e t h e r   (50  ml)  to  d e p o s i t   a  

p r e c i p i t a t e .   The  p r e c i p i t a t e   was  r e m o v e d   by  f i l t r a t i o n ,  

w a s h e d   w i t h   i s o p r o p y l   e t h e r   and  d r i e d   u n d e r   r e d u c e d   p r e s s u r e .  

The  t i t l e d   c o m p o u n d   ( t h e   c a r b o x y l i c   a c i d )   was  o b t a i n e d   i n  

t h e   fo rm  of  i t s   t r i f l u o r o a c e t a t e   ( 0 . 5 8 6   g)  (as  an  a c i d -  

a d d i t i o n   s a l t   w i t h   t r i f l u o r o a c e t i c   a c i d ) .   The  c o m p o u n d  

o b t a i n e d   was  m i x e d   w i t h   w a t e r   (3  ml)  and  s o d i u m   h y d r o g e n  

c a r b o n a t e   ( 0 . 2 4 2   g ) ,   and  t h e   r e s u l t i n g   s o l u t i o n   was  p u r i f i e d  

by  c o l o m n - c h r o m a t o g r a p h y   on  a  c o l u m n   of   D i a i o n   HP-20  a s  

e l u t e d   w i t h   w a t e r   and  t h e n   w i t h   30%  a q u e o u s   a c e t o n e .   T h e  

f r a c t i o n s   of  t h e   e l u a t e   c o n t a i n i n g   t h e   d e s i r e d   c o m p o u n d  

w e r e   c o m b i n e d   t o g e t h e r   and  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s -  

s u r e ,   f o l l o w e d   by  l y o p h i l i z a t i o n .   The  t i t l e d   c o m p o u n d   w a s  

o b t a i n e d   ( y i e l d   0 . 4 3 3   g,  8 2 % ) .  



NMR,  δ  ( D 2 O )  :   3 . 4 3   (1H,  d,  J=18  H z ) ,   3 . 7 0   ( lH,   d ,  

J=18  H z ) ,   4 . 0 3   (3H,  s ) ,   5 . 4 2   ( lH,   d,  J=5  H z ) ,   5 . 9 0   ( lH,   d ,  

J=5  H z ) ,   6 . 4 8   (1H,  d,  J=12  H z ) ,   6 . 7 1   ( lH,   d,  J=12  H z ) ,  

7 .06   (1H,  s ) ,   8 . 8 7   ( lH,   s ) .  

E x a m p l e   22  

P r o d u c t i o n   of   7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 -  

y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   p i v a l o y l o x y m e t h y l  

e s t e r .  

7 - [ 2 - M e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   s o d i u m   s a l t   ( 0 . 1 0 4   g,  0 . 1 8 8  

mmol)  was  d i s s o l v e d   in  d i m e t h y l f o r m a m i d e   (3  m l ) .   U n d e r   i c e -  

c o o l i n g ,   t h e   r e s u l t a n t   s o l u t i o n   was  a d m i x e d   w i t h   a  s o l u t i o n  

of  i o d o m e t h y l   p i v a l a t e   [as  p r e p a r e d   by  r e a c t i n g   c h l o r o m e t h y l  

p i v a l a t e   ( 0 . 1 4 1   g)  w i t h   s o d i u m   i o d i d e   ( 0 . 2 8 2   g)  in   a c e t o n e ]  

in  d i m e t h y l f o r m a m i d e   (1  m l ) ,   and  t h e   m i x t u r e   o b t a i n e d   w a s  

s t i r r e d   f o r   10  m i n u t e s .   To  t h e   r e a c t i o n   s o l u t i o n   w e r e  

a d d e d   i c e - w a t e r   (20  ml)  and  e t h y l   a c e t a t e   (20  m l ) .   T h e  

r e s u l t i n g   m i x t u r e   was  w e l l   a g i t a t e d   and  t h e n   a l l o w e d   t o  

s t a n d   u n t i l   i t   s e p a r a t e d   i n t o   t h e   a q u e o u s   p h a s e   and  o r g a n i c  

p h a s e .   The  o r g a n i c   p h a s e   was  s e p a r a t e d   f rom  t h e   a q u e o u s  

p h a s e ,   w a s h e d   t w i c e   w i t h   10  m l - p o r t i o n s   of  w a t e r   and  w i t h  

10  ml  of  s a t u r a t e d   a q u e o u s   s o d i u m   c h l o r i d e ,   d r i e d   o v e r  

a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  t h e n   c o n c e n t r a t e d   u n d e r  



r e d u c e d   p r e s s u r e .   The  r e s i d u e   o b t a i n e d   was  p u r i f i e d   b y  

f l a s h - c o l u m n   c h r o m a t o g r a p h y   on  a  c o l u m n   of   s i l i c a - g e l  

( W a k o - g e l   C-300)   (10  g)  as  e l u t e d   w i t h   e t h y l   a c e t a t e .  

The  t i t l e d   c o m p o u n d   was  a f f o r d e d   ( y i e l d   0 . 9 4 0   g,  7 8 % ) .  

NMR,  δ  ( C D C 1 3 )  :   1 . 1 3   (9H,  s ) ,   3 . 3 0   ( lH,   d,  J=18  H z ) ,  

3 . 5 1   ( lH,   d,  J=18  H z ) ,   5 . 1 7   ( lH,   d,  J=5  H z ) ,   5 . 4 3   ( 2 H ,  

b r o a d   s ) ,   5 . 7 5   ( lH,   d,  J=6  H z ) ,   5 . 8 0   ( lH ,   d,  J=6  H z ) ,  

6 . 0 6   ( lH,   dd,   J=5  Hz,  9  H z ) ,   6 . 4 0   ( lH,   d,  J=12  H z ) ,  

6 .66   ( lH,   d,  J=12  Hz ) ,   6 . 7 8   ( lH ,   s ) ,   7 . 65   ( lH,   d,  J=9  H z ) ,  

8 . 5 4   (1H,  s ) .  

E x a m p l e s   2 3 - 2 8  

The  f o l l o w i n g   c o m p o u n d s   w e r e   p r o d u c e d   in   t h e   s a m e  

m a n n e r   as  in   E x a m p l e   20  d e s c r i b e d   a b o v e .  

E x a m p l e   23  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( t h i a z o l - 2 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r )   d i p h e n y l m e t h y l   e s t e r  

( Y i e l d   7 2 % ) .  

NMR,  δ  ( C D C 1 3 )  :   3 . 4 5   ( lH,   d,  J=18  H z ) ,  

3 . 6 7   (1H,  d,  J=18  H z ) ,   4 . 0 4   (3H,  s ) ,   5 . 1 6   ( lH,   d,  J=5  H z ) ,  

5 . 9 7   ( lH,   dd,   J=5  Hz,  9  H z ) ,   6 . 5 8   ( lH,   s ) ,   6 . 7 3   ( lH,   s ) ,  

6 . 85   (1H,  s ) ,   6 . 9 - 7 . 5   (29H,  m),   7 . 7 4   ( lH,   d,  J=3  H z ) .  

E x a m p l e   24  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  



c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r )   d i p h e n y l m e t h y l  

e s t e r   ( Y i e l d   6 8 % ) .  

NMR,  δ  ( C D C 1 3 )  :   2 . 6 3   (3H,  s ) ,   3 . 5 6   (2H,  b r o a d   s ) ,  

4 . 0 4   (3H,  s ) ,   5 . 0 6   (1H,  d,  J=5  H z ) ,   5 . 8 8   ( lH,   dd,  J=5  H z ,  

9  H z ) ,   6 . 7 3   ( lH,   s ) ,   6 . 8 2   ( lH,   d,  J=16  H z ) ,   6 . 9 8   ( lH,   s ) ,  

7 . 0 - 7 . . 5   (H29,   m ) .  

E x a m p l e   25  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   d i p h e n y l m e t h y l  

e s t e r   ( Y i e l d   76%) 

NMR,  δ  ( C D C 1 3 )  :   2 . 6 0   (3H,  s ) ,   3 . 2 7   ( lH,   d ,  

J=18  H z ) ,   3 . 4 8   ( lH,   d,  J=18  H z ) ,   4 . 0 4   (3H,  s ) ,  

5 . 1 6   (1H,  d,  J=5  H z ) ,   5 . 9 7   (1H,  dd,   J=5  Hz,  9  H z ) ,  

6 . 1 3   ( lH,   d,  J=12  H z ) ,   6 . 4 1   ( lH,   d,  J=12   H z ) ,   6 . 7 1   ( lH,   s ) ,  

6 . 85   (1H,  s ) ,   6 . 9 - 7 . 5   (28H,  m ) .  

E x a m p l e   26 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( t h i a z o l - 4 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   p - m e t h o x y b e n z y l   e s t e r  

( Y i e l d   75%) 

NMR,  δ  ( C D C 1 3 )  :   3 . 40   ( lH,   d,  J=18  H z ) ,   3 . 6 2   ( lH,   d ,  

J=18  H z ) ,   3 . 7 7   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,   5 . 1 0   ( lH,   d,  J=5  H z ) ,  

5 . 1 1   (2H,  s ) ,   5 . 8 9   ( lH,   dd ,   J=5  Hz,  9  H z ) ,   6 . 5 3   (2H,  s ) ,  

6 . 7 - 7 . 5   (23H,  m),   8 . 66   (1H,  d,  J=2  H z ) .  



E x a m p l e   27 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   d i p h e n y l m e t h y l   e s t e r  

( Y i e l d   69%) 

NMR,  δ  ( C D C 1 3 )  :   3 . 2 7   ( lH,   d,  J=18  H z ) ,   3 . 46   ( lH,   d ,  

J=18  H z ) ,   4 . 0 4   ( lH,   d,  J=5  H z ) ,   5 . 9 6   ( lH,   dd ,   J=5  Hz,  9  H z ) ,  

6 . 2 3   ( lH,   d,  J=12  H z ) ,   6 . 5 0   ( lH,   d,  J=12  H z ) ,   6 . 7 1   ( lH,   s ) ,  

6 . 8 3   (1H,  s ) ,   6 . 9 - 7 . 5   (27H,  m),   7 . 6 1   (1H,  s ) ,   8 . 5 7   (1H,  s ) .  

E x a m p l e   28 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 2 , 4 - d i c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   p - m e t h o x y b e n z y l  

e s t e r   ( Y i e l d   81%) 

NMR,  δ  ( C D C l 3 )  :   3 . 2 1   (1H,  d,  J=18  H z ) ,   3 . 4 2   ( lH,   d ,  

J=18  H z ) ,   3 . 76   (3H,  s ) ,   4 . 0 4   (3H,  s ) ,   5 . 0 9   ( lH,   d,  J=5  H z ) ,  

5 . 1 1   (2H,  s ) ,   5 . 9 5   ( lH,   dd ,   J=5  Hz,  9  H z ) ,   6 . 2 5   ( lH,   d ,  

J=12  H z ) ,   6 . 4 7   ( lH,   d,  J=12  H z ) ,   6 . 7 - 7 . 4   (22H,  m ) .  

E x a m p l e s   2 9 - 3 4  

The  f o l l o w i n g   c o m p o u n d s   in   t h e   fo rm  of   s o d i u m   s a l t  

or  t r i f l u o r o a c e t a t e   w e r e   p r o d u c e d   in   t h e   same  m a n n e r   as  i n  

t h e   f o r e g o i n g   E x a m p l e   2 1 .  

E x a m p l e   29 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 2 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  



( s y n - i s o m e r ,   t r a n s - i s o m e r )   s o d i u m   s a l t   ( Y i e l d   82%) 

NMR,  δ  ( D 2 0 )  :   3 . 8 2   (2H,  b r o a d   s) ,   4 . 0 2   (3H,  s )  ,  

5 . 3 2   (1H,  d,  J=5  H z ) ,   5 . 8 5   (1H,  d,  J=5  H z ) ,   6 . 99   (1H,  d ,  

J=16  H z ) ,   7 . 0 3   ( lH,   s ) ,   7 . 4 6   (1H,  d,  J=16  H z ) ,   7 . 4 9   ( lH,   d ,  

J=3  H z ) ,   7 . 76   (1H,  d,  J=3  H z ) .  

E x a m p l e   30 

7 - [ 2 - ( m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r )   t r i f l u o r o a c e t a t e   ( Y i e l d   88%) 

NMR,  δ  ( C D 3 S O C D 3 )  .   2 . 6 2   (3H,  s ) ,   3 . 7 5   (2H,  b r o a d   s ) ,  

3 . 83   (3H,  s ) ,   5 . 1 8   (1H,  d,  J=5  H z ) ,   5 . 7 5   (1H,  dd,   J=5  H z ,  

9  H z ) ,   6 . 7 5   ( lH,   s ) ,   7 . 1 3   (2H,  s ) ,   7 . 6 0   ( lH,   s ) ,   9 . 5 8   ( l H ,  

d,  J=9  H z ) .  

E x a m p l e   31  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   t r i f l u o r o a c e t a t e   ( Y i e l d   78%) 

NMR,  δ  ( C D 3 S O C D 3 )  .   2 . 59   (3H,  s ) ,   3 . 4 1   ( lH,   d,  J=18  H z ) ,  

3 . 5 3   (1H,  d,  J=18  H z ) ,   3 . 8 4   (3H,  s )  ,  5 . 2 8   ( lH,   d,  J=5  H z ) ,  

5 . 8 2   ( lH,   dd,   J=5  Hz,  J=9  H z ) ,   6 . 2 2   ( lH ,   d,  J=12  H z ) ,  

6 . 6 3   (1H,  d,  J=12   H z ) ,   6 . 7 3   ( lH,   s ) ,   7 . 5 7   (1H,  s ) ,  

9 . 6 0   (1H,  d,  J=9  H z ) .  

E x a m p l e   32 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 4 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  



( s y n - i s o m e r ,   c i s - i s o m e r )   s o d i u m   s a l t   ( Y i e l d   74%) 

NMR,  δ  ( D 2 0 )  :   3 . 45   (1H,  d,  J=18  H z ) ,   3 . 5 8   ( lH,   d ,  

J=18  H z ) ,   4 . 0 3   (3H,  s ) ,   5 . 3 3   (1H,  d,  J=5  H z ) ,   5 . 8 4   (1H,  d ,  

J=5  H z ) ,   6 . 5 6   (1H,  d,  J=12  H z ) ,   6 . 7 1   ( lH,   d,  J=12  H z ) ,  

7 .06   ( lH,   s ) ,   7 . 5 1   ( lH,   d,  J=2  H z ) ,   8 .99   ( lH ,   d,  J=2  H z ) .  

E x a m p l e   33 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   c i s - i s o m e r )   s o d i u m   s a l t   ( Y i e l d   78%) 

NMR,  δ  ( D 2 0 )  :   3 . 4 8   ( lH,   d,  J=18  H z ) ,   3 . 7 0   ( lH,   d ,  

J=18  H z ) ,   4 . 0 5   ( lH,   s ) ,   5 . 4 5   ( lH,   d,  2J=5  H z ) ,   5 . 9 0   (1H,  d ,  

J=5  H z ) ,   6 . 39   (1H,  d,  J=12  H z ) ,   6 . 8 1   ( lH,   d,  J=12  H z ) ,  

7 .08   (1H,  s ) ,   7 . 8 6   (1H,  s ) ,   8 . 9 0   ( lH,   s ) .  

E x a m p l e   34 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 , 4 - d i c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   s o d i u m   s a l t   ( y i e l d   78%) 

NMR,  δ  ( D 2 0 )  :   3 . 4 6   ( lH,   d,  J=18   H z ) ,   3 . 67   ( lH,   d ,  

J=18  H z ) ,   4 . 0 4   (3H,  s ) ,   5 . 4 3   ( lH,   d,  J=5  H z ) ,   5 . 9 1   ( lH,   d ,  

J=5  H z ) ,   6 . 4 5   (1H,  d,  J=12  H z ) ,   6 . 6 4   (1H,  d,  J=12  H z ) ,  

7 .08   ( lH,   s ) .  

E x a m p l e s   3 5 - 3 9  

The  f o l l o w i n g   c o m p o u n d s   w e r e   p r o d u c e d   in   t h e   s a m e  

m a n n e r   as  in   E x a m p l e   22  d e s c r i b e d   h e r e i n b e f o r e .  

E x a m p l e   35 



7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r )   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n -  

4 - y l ) m e t h y l   e s t e r   ( Y i e l d   62%) 

NMR,  6  ( C D C 1 3 )  :   2 . 2 1   (3H,  s ) ,   2 . 69   (3H,  s ) ,  

3 . 65   ( 1 H ,   d,  J=18  H z ) ,   3 . 7 5   (1H,  d,  J=18   H z ) ,   4 . 0 4   (3H,  s ) ,  

4 . 9 3  ( 1 H ,   d,  J=16  H z ) ,   5 . 1 2   ( lH,   J=5  H z ) ,   5 . 1 4   ( lH,   d ,  

J=16  H z ) ,   5 . 4 ,  ( 2 H ,   b r o a d ) ,   5 . 9 9   (1H,  dd,   J=5  Hz,  J=9  H z ) ,  

6 . 8 1   (1H,  s ) ,   6 . 9 2   (1H,  d,  J=16  H z ) ,   7 . 2 4   (1H,  d,  J=16  H z ) ,  

7 . 5 3   (1H,  s ) ,   7 . 6 4   (1H,  d,  J=9  H z ) .  

E x a m p l e   36 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n -  

4 - y l ) m e t h y l   e s t e r   ( Y i e l d   69%) 

NMR,  δ  ( C D C 1 3 )  :   2 . 0 8   (3H,  s ) ,   2 . 6 4   (3H,  s ) ,  

3 . 45   (1H,  d,  J=18  H z ) ,   3 . 5 4   ( lH,   d,  J=18  H z ) ,   4 . 0 4   (3H,  s ) ,  

4 . 80   (1H,  d,  J=16  H z ) ,   4 . 99   (1H,  d,  J=16  H z ) ,   5 . 2 2   (1H,  d ,  

J=5  H z ) ,   5 .4   (2H,  b r o a d ) ,   6 . 1 0   (dd ,   J=5  Hz,  9  H z ) ,  

6 . 1 7   (1H,  d,  J=12  H z ) ,   6 . 6 0   ( lH,   d,  J=12  H z ) ,   6 . 7 8   ( lH,   s ) ,  

7 . 46   ( lH,   s ) ,   7 . 7 2   ( lH,   d,  J=9  Hz)  

E x a m p l e   37 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 4 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   c i s - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r   ( Y i e l d   72%) 



NMR,  δ  ( C D C 1 3 )  :   1 . 1 6   (9H,  s ) ,   3 . 4 8   ( lH,   d,  J=18  H z ) ,  

3 . 6 8   ( lH,   d,  J=18  H z ) ,   4 . 0 4   (3H,  s ) ,   5 . 1 6   ( lH,   d,  J=5  H z ) ,  

5 . 7 5   ( lH,   d,  J=6  H z ) ,   5 . 8 6   ( lH,   d,  J=6  H z ) ,   5 . 9 4   ( lH,   d d ,  

J=5  Hz,  9  H z ) ,   6 . 5 1   ( lH,   d,  J=12  H z ) ,   6 . 58   ( lH,   d,  J=12  H z ) ,  

6 . 8 8   ( lH,   s ) ,   7 . 19   ( lH,   d,  J=2  H z ) ,   8 . 6 6   ( lH,   d,  J=2  H z ) .  

E x a m p l e   38 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   c i s - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r   ( Y i e l d   76%) 

NMR,  δ  ( C D C 1 3 )  :   1 . 1 3   (9H,  s ) ,   3 . 3 2   (1H,  d,  J=18  H z ) ,  

3 .50   ( lH,   d,  J=18  H z ) ,   4 . 0 4   (3H,  s ) ,   5 . 1 9   ( lH,   d,  J=5  H z ) ,  

5 . 7 4   ( lH,   d,  J=6  H z ) ,   5 . 8 1   ( lH,   d,  J=6  H z ) ,   6 . 0 2   ( lH,   d d ,  

J=5  Hz,  9  H z ) ,   6 . 3 5   ( lH,   d,  J=12  H z ) ,   6 . 6 8   ( lH,   d,  J=12  H z ) ,  

6 . 8 8   (1H,  s ) ,   7 . 4 1   ( lH,   d,  J=9  H z ) ,   7 . 7 5   ( lH,   s ) ,   8 . 66   ( lH,   s ) .  

E x a m p l e   39 

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 , 4 - d i c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r  

( Y i e l d   71%) 

NMR,  δ  ( C D C 1 3 )  :   1 . 1 6   (9H,  s ) ,   3 .30   ( 1 H ,  d ,   J=18  H z ) ,  

3 . 5 2   ( lH,   d,  J=18  H z ) ,   4 . 0 5   (3H,  s ) ,   5 . 1 6   ( lH,   d,  J=6  H z ) ,  

5 . 7 8   ( lH,   d,  J=6  H z ) ,   5 . 8 1   ( lH,   d,  J=6  H z ) ,   6 . 05   ( lH,   d d ,  

J=5  Hz,  9  H z ) ,   6 . 3 8   ( lH,   d,  J=12  H z ) ,   6 .58   ( lH,   d,  J=12  H z ) ,  

6 . 9 1   (1H,  s ) .  



1.  A  c e p h a l o s p o r i n   c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I )  

w h e r e i n   R   i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ;  

R2  i s   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ;   R3  i s   a  h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ;  

A  i s   an  u n s u b s t i t u t e d   or  s u b s t i t u t e d   p h e n y l   g r o u p ,   a n  

u n s u b s t i t u t e d   or  s u b s t i t u t e d   f u r y l   g r o u p ,   an  u n s u b s t i t u t e d  

or  s u b s t i t u t e d   t h i a z o l y l   g r o u p   or  an  u n s u b s t i t u t e d   o r  

s u b s t i t u t e d   3 - l o w e r - a l k y l t h i a z o l i o   g r o u p ,   and  a  p h a r m a -  

c e u t i c a l l y   a c c e p t a b l e   s a l t   or  e s t e r   of  s a i d   c e p h a l o s p o r i n  

c o m p o u n d .  



2.  A  c e p h a l o s p o r i n   c o m p o u n d   as  c l a i m e d   in  C la im  1 

w h i c h   i s   of  t he   g e n e r a l   f o r m u l a   ( I a )  

w h e r e i n   R1  i s   an  amino   g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  is   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a t o m ,   a  

s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   a n d  

Y  i s   a  h y d r o g e n   a t o m ,   a  l o w e r   a l k y l   g r o u p ,   a  l o w e r   a l k o x y l  

g r o u p   or  a  h a l o g e n   a t o m .  



3.  A  c e p h a l o s p o r i n   c o m p o u n d   as  c l a i m e d   in   C la im   1  w h i c h  

i s   of  t he   g e n e r a l   f o r m u l a   ( I b )  

w h e r e i n   R1  i s  a n   amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  i s   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a t o m ,   a  

s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   Z  i s  

a  h y d r o g e n   a t o m ,   n i t r o   g r o u p   or  a  h a l o g e n   a t o m .  

4.  A  c e p h a l o s p o r i n   c o m p o u n d   as  c l a i m e d   in  C la im   1 

w h i c h   i s   of  t h e   g e n e r a l   f o r m u l a   ( I c )  

w h e r e i n   R   i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  is   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   and  R3  i s   a  h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p .  



5.  A  c e p h a l o s p o r i n   c o m p o u n d   as  c l a i m e d   in  C la im   1 

w h i c h   i s   of  t he   g e n e r a l   f o r m u l a   ( I d )  

w h e r e i n   R1  i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  i s   a  l o w e r   ( C I - C 6 )   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p  

or  a  p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   a n d  

R  is   a  l o w e r   a l k y l   g r o u p .  

6.  A  c e p h a l o s p o r i n   c o m p o u n d   as  c l a i m e d   in  C la im   1 

w h i c h   i s   of  t h e   g e n e r a l   f o r m u l a   ( I e )  

w h e r e i n   R1  i s   an  amino  g r o u p   or  a  p r o t e c t e d   amino   g r o u p ,  

R2  is   a  l o w e r   ( C 1 -  C 6 )   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p  

or  a  p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a t o m ,  

a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   a n d  

Y'  i s   a  h y d r o g e n   atom  or  a  h a l o g e n   a t o m ,   and  n  i s   a  w h o l e  

number   of  1  or  2 .  



7.  A  c e p h a l o s p o r i n   c o m p o u n d   as  c l a i m e d   in  C la im  1 

w h i c h   i s   of  t he   g e n e r a l   f o r m u l a   ( I f )  

w h e r e i n   R1  i s  a n   amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  i s   a  l o w e r   (C1-   C6)  a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p  

or  a  p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   and  R 3  i s   a  h y d r o g e n  

a t o m ,   a  s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p .  

8.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m s   1  to  7  in   w h i c h   R1 

is   an  amino  g r o u p ,   R2  i s   a  m e t h y l   g r o u p   or  a  c a r b o x y m e t h y l  

g r o u p ,   and  R3  i s   s o d i u m   a t o m ,   b e n z h y d r y l   g r o u p ,   p - m e t h o x y -  

b e n z y l   g r o u p ,   d i p h e n y l m e t h y l   g r o u p ,   p i v a l o y l o x y m e t h y l  

g r o u p   or  ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n e - 4 - y l ) - m e t h y l   g r o u p .  



9.  A  c o m p o u n d   as  c l a i m e d   in  C l a i m   1  w h i c h   i s   s e l e c t e d  

f r o m : -  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - ( 2 - p h e n y l v i n y l ) - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n -  

i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r )  

and  i t s   t r i f l u o r o a c e t a t e ;   a n d  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( o - f l u o r o p h e n y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s -  

i s o m e r )   and  i t s   t r i f l u o r o a c e t a t e .  

10.  A  c o m p o u n d   as  c l a i m e d   in  C la im   1  w h i c h   i s  s e l e c t e d  

f r o m : -  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r ,   o r  s y n - i s o m e r ,   c i s - i s o m e r )  

and  i t s   s o d i u m   s a l t ; a n d  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 5 - n i t r o - 2 - f u r y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s -  

i s o m e r )   and  i t s   s o d i u m   s a l t .  



11.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   1  w h i c h   i s   s e l e c t e d  

f r o m : -  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 2 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r ) ;  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( t h i a z o l - 4 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   c i s - i s o m e r )   and  i t s   s o d i u m   s a l t   and  i t s  

p i v a l o y l o x y m e t h y l   e s t e r ;   a n d  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o l -  

3 - [ 2 - ( t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( c y n - i s o m e r ,   c i s - i s o m e r ) , i t s   s o d i u m   s a l t ,   and  i t s  

p i v a l o y l o x y m e t h y l   e s t e r .  



12.  A  c o m p o u n d   as  c l a i m e d   in  C la im   1  w h i c h   i s   s e l e c t e d  

f r o m : -  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p e h m - 4 - c a r b o x y l i c  

a c i d   ( c y n - i s o m e r ,   t r a n s - i s o m e r ,   or  c y n - i s o m e r ,   c i s -  

i s o m e r ) ,   i t s   s o d i u m   s a l t ,   i t s   t r i f l u o r o a c e t a t e ,   i t s  

p i v a l o y l o x y m e t h y l   e s t e r , a n d   i t s   ( 5 - m e t h y l - 2 - o x o - l , 3 -  

d i o x o l e n e - 4 - y l ) - m e t h y l   e s t e r ;  

7 - [ 2 - c a r b o x y m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l )  

a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m -  

4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n -  

i s o m e r ,   c i s - i s o m e r )   and  i t s   t r i f l u o r o a c e t a t e ;  

7 - [ 2 - t - b u t o x y c a r b o n y l m e t h o x y i m i n o - 2 - ( 2 - t r i t y l a m i n o -  

t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l )  

v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,  

t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r ) ;   a n d  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s -  

i s o m e r ) ,   i t s   s o d i u m   s a l t ,   i t s   t r i f l u o r o a c e t a t e ,   a n d  

i t s   ( 5 - m e t h y l - 2 - o x o - l , 3 - d i o x o l e n e - 4 - y l ) - m e t h y l   e s t e r .  



13.  A  c o m p o u n d   as  c l a i m e d   in  C l a i m  1   in  w h i c h   is   s e l e c t e d  

f r o m : -  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c  

a c i d   ( c y n - i s o m e r ,   c i s - i s o m e r ) , i t s   s o d i u m   s a l t   and  i t s  

p i v a l o y l o x y m e t h y l   e s t e r ;   a n d  

7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o - t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 2 , 4 - d i c h l o r o t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 -  

c a r b o x y l i c   a c i d   ( s y n - i s o m e r ,   c i s - i s o m e r ) , i t s   s o d i u m  

s a l t   and  i t s   p i v a l o y l o x y m e t h y l   e s t e r .  

14.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   1  w h i c h   i s   7 - [ 2 -  

m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] - 3 - [ 2 - ( 3 , 4 -  

d i m e t h y l - 5 - t h i a z o l i o ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   t r a n s - i s o m e r ,   or  s y n - i s o m e r ,   c i s - i s o m e r )  

i o d i d e   or  d i - t r i f l u o r o a c e t a t e .  

15.  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - m e t h y l t h i a z o l - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   c i s - i s o m e r )   s o d i u m   s a l t .  

16.  7 - [ 2 - m e t h o x y i m i n o - 2 - ( 2 - a m i n o t h i a z o l e - 4 - y l ) a c e t a m i d o ] -  

3 - [ 2 - ( 4 - m e t h y l t h a z o l e - 5 - y l ) v i n y l ] - 3 - c e p h e m - 4 - c a r b o x y l i c   a c i d  

( s y n - i s o m e r ,   c i s - i s o m e r )   p i v a l o y l o x y m e t h y l   e s t e r .  



17.  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of  a  c e p a h l o s p o r i n  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   ( I )  

w h e r e i n   R1  is   an  amino  g r o u p   or  a  p r o t e c t e d   amino  g r o u p ,  

R2  is   a  l o w e r   a l k y l   g r o u p ,   a  c a r b o x y m e t h y l   g r o u p   or  a  

p r o t e c t e d   c a r b o x y m e t h y l   g r o u p ,   R3  i s   a  h y d r o g e n   a tom,   a  

s a l t - f o r m i n g   c a t i o n   or  a  c a r b o x y l - p r o t e c t i n g   g r o u p ,   a n d  

A  i s   an  u n s u b s t i t u t e d   or  s u b s t i t u t e d   p h e n y l   g r o u p ,   a n  

u n s u b s t i t u t e d   or  s u b s t i t u t e d   f u r y l   g r o u p   or  an  u n -  

s u b s t i t u t e d   or  s u b s t i t u t e d   t h i a z o l y l   g r o u p   or  an  u n -  

s u b s t i t u t e d   or  s u b s t i t u t e d   3 - l o w e r - a l k y l t h i a z o l i o   g r o u p ,  

c h a r a c t e r i z e d   in   t h a t   t he   p r o c e s s   c o m p r i s e s   r e a c t i n g   a  7 -  

a m i n o c e p h a l o s p o r a n i c   a c i d   c o m p o u n d   of  t he   g e n e r a l   f o r m u l a  

( I I )  

w h e r e i n   R3  and  A  a r e   as  d e f i n e d   a b o v e ,   or  a  f u n c t i o n a l  

e q u i v a l e n t   t h e r e o f   ( i n c l u d i n g   a  r e a c t i v e   d e r i v a t i v e   at  t h e  

amino  g r o u p   of  t he   c o m p o u n d   of  t h e   f o r m u l a   ( I I )   and  a  s a l t  



of  t he   c o m p o u n d   of  t he   f o r m u l a   ( I I ) ) ,   w i t h   a  2 - ( 2 - a m i n o -  

t h i a z o l - 4 - y l ) - 2 - a l k o x y i m i n o - a c e t i c   a c i d   c o m p o u n d   of  t h e  

f o r m u l a   ( I I I )  

w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e ,   or  a  f u n c t i o n a l  

e q u i v a l e n t   t h e r e o f   ( i n c l u d i n g   a  r e a c t i v e   a c i d   d e r i v a t i v e  

of  t he   c o m p o u n d   of  t he   f o r m u l a   ( I I I ) )   in  an  u n r e a c t i v e  

s o l v e n t   a t   a  t e m p e r a t u r e   of  n o t   h i g h e r   t h a n   t h e   b o i l i n g  

t e m p e r a t u r e   of  t h e   s o l v e n t   u s e d ,   to  p r o d u c e   t h e   c o m p o u n d  

of  t he   f o r m u l a   ( I ) ,   and  t h e n ,   i f   d e s i r e d ,   w h e r e   t h e   p r o d u c t  

c o m p o u n d   of  t he   f o r m u l a   ( I )   as  p r o d u c e d   is   s u c h   one  as  s h o w n  

by  t h e   f o r m u l a   ( I " )  

w h e r e i n   Rl ,   R2  and  R   a r e   as  d e f i n e d   a b o v e ,   and  R   and  R5 

a r e   t he   same  or  d i f f e r e n t   and  e a c h   a r e   a  h y d r o g e n   a t o m ,  

a  l o w e r   a l k y l   g r o u p   or  a  h a l o g e n   a tom,   a l k y l a t i n g   t h e  

3 - n i t r o g e n   atom  of  t he   t h i a z o l y l   g r o u p   of  t h e   c o m p o u n d  



of  t he   f o r m u l a   ( I " )   by  r e a c t i n g   w i t h   an  a l k y l   h a l i d e   of  t h e  

f o r m u l a , R X   w h e r e i n   R  i s   a  l o w e r   a l k y l   g r o u p   and  X  is   a  

h a l o g e n   a t o m ,   or  a  mono-   or  d i - l o w e r - a l k y l   s u l f a t e   or  a  

l o w e r   a l k y l   l o w e r - a l k a n e s u l f o n a t e ,   to  p r o d u c e   t h e   c o m p o u n d  

of  t h e   f o r m u l a   ( I " ' )  

w h e r e i n   R1,  R  ,   R3,  R   and  R   a r e   as  d e f i n e d   a b o v e   a n d  

R  is   c o r r e s p o n d i n g   to  t h e   l o w e r   a l k y l   g r o u p   of  t h e   a l k y l  

h a l i d e   or  t h e   mono-   or  d i - l o w e r - a l k y l   s u l f a t e   or  t h e   l o w e r  

a l k y l   l o w e r - a l k a n e s u l f o n a t e   e m p l o y e d ,   and  f u r t h e r ,   i f  

d e s i r e d ,   r e m o v i n g   t he   r e m a i n i n g   a m i n o - p r o t e c t i n g   g r o u p  

and  t h e   r e m a i n i n g   c a r b o x y l - p r o t e c t i n g   g r o u p   f rom  t h e  

p r o d u c t   c o m p o u n d   of  t he   f o r m u l a   ( I )   o r  o f   t h e   f o r m u l a   ( I " ' ) .  

18.   A  p h a r m a c e u t i c a l ,   a n t i b a c t e r i a l   c o m p o s i t i o n   w h i c h  

c o m p r i s e s   an  a n t i b a c t e r i a l l y   e f f e c t i v e   a m o u n t   of  t he   c o m -  

p o u n d   of  t he   f o r m u l a   ( I )   as  d e f i n e d   in  C l a i m   1  or  t h e  

c o m p o u n d   of  t he   f o r m u l a   ( I a )   to  ( I f )   as  d e f i n e d   in  C l a i m s  

2  to  7  or  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   or  e s t e r  

t h e r e o f ,   as  t he   a c t i v e   i n g r e d i e n t ,   in  c o m b i n a t i o n   w i t h   a  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r   f o r   t he   a c t i v e   i n g r e d i e n t .  
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